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INTRODUCTION". 



Altho.ugh "The South Ecnamgton Museum" non' takes the lead, and 
surpaaaea all fonner soientiflc institutions bj its vostlj superior collec- 
tion of models and works of art, there will he doubtless monj thousand 
yoimg people who may remember (it is hoped) with some pleasure the 
numerous popular lectures, tUnstraited with an ahuudaace of interesting 
and briUiaot esperiments, which have been delivered withiu the walls of 
the Royal Polytechnic Institution during the lost twenty years. 

On many occaaioua the author baa received from his young friends 
letters, containing all sorts of inquiries respecting the mode of performing 
experiments, and it has frequently ocouixed that even some years 
after a lecture had been discontinued, the youtli, now become the young 
man, and anxious to impart knowledge to some "home circle" or 
country scientific institution, would write a special letter rcferrbg to a 
particular esperiment, Doid wish to know how it was perforiTied, 

The following illustrated pages must be regarded as a scries of philo- 
sophical experiments detailed in such a manner that any young person 
may perform them with the greatest facihty. The author has endea- 
Toured to arrange the manipulations !u a metliodical, simple, and popular 
form, and will indeed be rewarded if these experiments should aroose 
dormant talent iu any of the rising generation, and lead them on 
gradually from the easy reading of the present "Boy's Book," to the 
study of the complete and perfect pliilosophical worlds of Leopold 
Gmelin, laraday, Brandc, Graham, Turner, and Fownes. 

Every boy should ride "a hobby-horse" of some kind; and whilst 
play, and plenty of it, must be his daily right in holiday time, ho ought 
not to forget that the cultivation of some branch of the useful Arts and 
Bdencea will afford him a delightful aud profitable reciealiou when 
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satiated with mere play, or imprisoned by bad weather, or gloomy with 
the nnamased tcdionsness of a long winter's evening. 

The author recollects with pleasure the half-holidays he used to devote 
to Chemistry, with some other King's College lads, and in spite of 
terrible pecuniary losses in retorts, bottles, and jars, the most delightful 
amusement was enjoyed by all who attended and assisted at these 
juvenile philosophical meetings. 

It has been well remarked by a clever author, that bees are geome- 
iridam. The cells are so constructed as, ^vith the least quantity of 
material, to have the largest sized spaces and the least possible interstices. 
The mole is a meteor ologUt. The bird called the nine-killer is an arith- 
metician, also the crow, the wild turkey, and some other birds. The 
torpedo, the ray, and the electric eel are electricians. The nautilus is 
a navigator. He raises and lowers his sails, casts and weighs anchor, 
and performs nautical feats. Whole tribes of birds are musicians. The 
beaver is an architect, builder, and wood-cutter. He cuts down trees 
4Mid erects houses and dams. The marmot is a civil engineer. He does 
not only build houses, but constructs aqueducts, and drains to keep 
them dry. The ant maintains a regular standing army. Wasps are 
paper manufacturers. Caterpillars are silk-spinners. The squirrel is a 
ferryman. With a chip or a piece of bark for a boat, and his tail for a 
sail, he crosses a stream. Dogs, wolves, jackals, and many others, are 
hunters. The black boar and heron are fishermen. The ants are day^ 
labourers. The monkey is a rope dancer. Shall it, then, be said that any 
boy possessing the Godlike attributes of Mind and Thought with Free- 
will can only cat, drink, sleep, and play, and is therefore lower in the 
scale of usefulness than these poor birds, beasts, fishes, and insects ? 
No ! no ! Let " Young England" enjoy hb manly sports and pastimes, 
but lot him not forget the mental race he has to run with the educated 
of his own and of other nations ; let him nourish the desire for the 
acquisition of '* scientific knowledge," not as a mere school lesson, but 
:is a treasure, a useful ally which may some day help him in a greater or 
lesser degree to fight " The Battle of Life.'* 
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_ „ - ■- ■ hj fUsankn ti 

evntbng vUdi an be aecB 100 CdL 

l£e ivB, tfe Booa.tbe CBtfc.Md gOfT pj^ct^ndo, CKtk, witifa. 
gbn, woot, mb, vato-, aleobd. air, itcM^ nd kaab ef tUn ba(k 

CH^RbcBsiTe tern maf/er. Suh a ■■■eraas m^ Tsricd "'Bi**'^ of 

todies mmt necesBarih- haTc ctrtain qnalilirt, pecBBaritia^ orpnuKrtia; 

Mid hsce «e eoae in tbe fint jbet to coaler "Tlie gcBcm powcB 

pn^otiesof raitter." Tims, if we place > Uo^ of vmd oc stoMC in 



■mpaaiQon, ve eai 
£110117 the vDod ■ 
one of tbe fiist and 



iDO0t aBRifeof the wi^ifitMrfwMttw, fcBil is called 
r JmftMflraUlUf, Ii^ue tfae ptUftAj pcaa ca at d by all aolid, liqvd, and 
L gaaeoDS bodies, (J fiSiiig a space to the exdnnm (^ otixis mtil th^br 
M lemoned, and it admits ot coanj amnmig Qhstntkn^ both n t^tds 
B'tlKproof and modificatian of the ytofatj. 

% 'JSaia, a block of wood filb a certain space: bow is it ^ inpenetnlik) 
I tbat ve can drire ■ nail into it F A feir expenments will enable na to 
inswEr tbis question. 

Into a, glass (as depicted at fig-1) filled «itlt spirits ofwine, aqoautity 
I nf cotton wool manj times the liulk of the alcohol ma; (if the eiperimeul 
t is carefollj perfonned) be poshed vitboat causing a drop to overllovr 
I &e aides of the vesael. 

Hen ve seem to have a direct conttadiction of the simple and indis- 





cxjierimetils 

We bnTE now a flask full of 
J nnd tfiking some vcrj finelv-powi 
Bumir, it 13 easy to mtroauce a 
ablia qimnlit.y of that subatance 
out iucrcnsing the bulk of tbe 
the only precaution uecea&ary, 
to allow the augar to fall into 
flnak in a mass, but to drop i 

Kin 1>)[ grtun, and very slowly, 
inff time for tbo air-bubbles (t-' 
will cling to tlie particles of s 
to pass off, and for the sugar to 
■olve. Matter, in the eiperimei 
tujduced, appeurs to be pcnetntU^ 
— ' " - nroiiorty of impenetrabilitjl 
ilj to bo a ereation of fancy t 
. . . _ _ .1.. jq jjy) 



and the 



reason, bowtvcr, enables 
tbatthe latter is not the c.._. 
A nail may certainly be hammered into wood, bat the partiolesai 



tAnat aiiis to'allow it to enter. Cotton wool may bo placed 

of wine because it is simply greatly extended am! bulky matter, wnioiu 

if oompresaed, might only occupy the space of the kernel of a nut, and 
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if ttiis were dropped into a iialf-pint nieaaore full of alcoliol, the in 
of bulk noald not cause the spirit to overSov. The cotton-wool eipe- 
liment is therefore no contradiction of impfaeiraiili/ji. The eiperi- 
meat with the sugar is the most troabiesotne opponent to our term, and 
obliges us to amend and (jnilifj the original d^nition, and say, that the 
ultimate or smallest particles or atoms of bodies only are impeaetroble ; 
emay beliere thejare not in closeconlnct with each other, because 
certain bulks of sugar and trater occupy more space separately thoji 




If ve compare the Bask of n-alcr to a flask full of marbles, and the 
sugar to some rape-seed, it will he evident that we may almost pour 
another flask full of the htter amongst the marbles, because they are not 
in close contact with each other, hnt hare spaces between them ; and 
after pouring in tie rape-seed, we might still find room for some fine 

The particles of one body may Ihua enter into the spaces left between 
those o[ another without increasing its rolame ; and nence, as has been 
before stated, "The atoms only of bodies are truly impenetrable." 

This spreading, as it were, of matter through matter assumes a 
important function when we come to examine the constitatioa of the 

we breathe, which is chiefly a mechanical mixture of gases : s 
luite parts by volume or measure of nitro^n gas, twenty-one i»iui «. 
oxygen gas, and four parts of carbonic acid vapour in every ten thousand 
parts of air having the following relations as to weight ; — 

Nitrogen 972 

Oxygen 1105 

Carbonic acid 1321 

It might be expected tlat these gases would arrange themselves in 
3or atmosphere in the above order, and it that were the case, we should 
have the carbonic-acid ;af (a most poisonoas one) at the bottom, and 
tOBOhing the earth, then the oxygen, and, last of all, the nitrogen ; 
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state of things in wliieli omdRu«i^ lire could not exist. The gases do not, 
liuwcrer, separate : indcei^ thej seem to act as it vere like vaeammt to 
one aaother, and " the diffnaion of gases" has become a 
recognised fact, goreroed bj fixed layrt. This fact a 
curioiul^ illnstrated, as sbown in onr cnt, bj BUhig a 
bottle with carbonic acid, and another with Ejdn^en; 
and having previoaslj fitted corks to the bottln; perfo- 
rated so u to admit a tnbe, place the bottle containiiur 
tjic carbonic acid on tlie tabic, then take the other fufl 
of hydrogen, keepicg tliu mouth downwards, and fit in 
the cork and tube : pluce this finoUj into the cork of 
the carbonic-acid bottle, which may be a little larger than 
tlic other, in order totnake the arrangement stand firmer; 
unil after leaving them for Dn hour or so, the carbonic 
acid, wliicli ia twentj-two times heavier than the hjdro- 

§cn, will ascend to the latter, whilst tbe hydrogen will 
csccod to the carbonic acid. The presence of the car- 
bonic acid in the hydrogen 
bottle is easily proved by 
pouring in a wincglassful 
of clear lime-water, which 
speedily becomes milky, 
owing to the prodnction of 
carbonate of limc; whilst 
the proof of the hydrogen 
being present in the car- 
bonic acid is established 



.e., slacked lune mixed 

to the consistence of cream 

i with some water — and set- 

I ting lire to the hydrogen 

I tbat remains, wbien bums 

rictiy with a yellowish 
me if nnmiied with air ; 
I but if air be admitted to 
I the bottle, the mixture of 
air and hydrogen inflames 
rapidly, and with some 
Fis.4, noise. One of the most 

elegant modes of showbg 
tbe diffusion of gases is by taking a large 

round dry porous cell, such as would be , 

employed in a voltaic battery, and having "l^^Ci.. Ve 
cemented a brass c"" ""■''■ - ~'"°° '■■'■" ^'— ' — "-' ^- 
attached to its open 
bo supported by 



EC^rhcn 




Altaic battery, and having "i^XC^thT^^nr^S 
3S cap witb a gmss tube 3ipi faila tbe tamMer amUinlDg' 

pen eitremity, it may then ">," """"i™ ?* '5^'^JL.^T '■ 'S° 

f a small tnpod of iron porotu eeU »aa tube b tumWa. 






_ >»^^ B«^i;s;drfta«ifa« 




__, MM npcm tk snibce of Ike water of one 

■ anndedmb » c^iDddalri».a(i(a at oae rai, with ■ 
^~ (adte or tke tketi lai. pbn jou fiigcr fintly ■»« thp 
1 cHfofwr, br inTefting (fce ^ns <m tk oraa^ and 
JM tke mftec of tlie vatcr, b> nuke it tadtr the laMiw 
■ •ribdtr; ibensatBDMortheairwillnovaMettevya 
' -n the vhit« {Ma, vhOat Oe enMga viB sot catct. Tte 
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imnj^e ma; now be tnuufeired to the other vessel of water, and cm 
removing Ibe finger from tbe orifice of the Cflinilrieal glass, and in- 
verting it as before orcr the orange, the air vill rush out and the (Hwoge 
and water will enter, whilst there will be no overflow a ' ' 
eipeHinent. The comparison of the two is very atrikj 
teaches the fact desired. 

Wbilst the vessels of water are still in use, another pretty exp«riiDent 
ma; be made with the metal potassium. First throw a small piece of 
the metal on tbe surface of the water, to show that it takes fire on con- 
tact with that fiuid ; tbcn, having provided a gaa-jar, fitted with a cap 





lUHlan In lall* ) air IimtDM tit* 
M df tlH fin. 



and stop-cock, and a little spoon screwed into the bottom of the etap- 
cock inside the gai-jar, place another piece of potassium in the litue 
spoon, and, after closing tlie stop-cock, push the jar into one of the 
vessels of water : as bclorc, the impcnetrabilitjr of the air prevents th« 
water fiowine np to the potassium ) but^ on opening the stop-cock, the 
air escapes, the water rushes np, and directly it touches the potassium, 
combustion ensues. 

Having sufficiently indicated the natare and meaning of impenetra- 
bility, we may proceed to discuss experimentally three other marked 
and spedal qiultties of matter— viz., ixeilia, ffranly, and meigAt. 



nUedri 



txiKTU, OK rissiTKxiss. 



I laertia is a power irhici (aKordiiiK to Sir lH*e Newton) ia iiUlibui'rJ 
Ball matter 01 resisiiug any change irou aslMeoInat. It u Minetiinoa 
ii_j _■_ ,-„^/^^ jnj jj (ji^t pnipeit; po»osMd hj «U mkltt>r. of to- 
_ it rest till set in motitm, and mm Mitd; and it ax|inM«M, iu 

irief terms, resistance to motioii or rest. 

A peodolam clock wound up aiid readv to go, does not oommimni ita 
jBDTements, iintii the inertia of tlie pendulum i» uvM'oomu, mkI utntiitii 
mported to it. On the otbcr liaiid, wlicu seated iu it wrriagt^ rIiijuIiI 



mported ti 

nj; obstruction cause the liorsc to atop ! 

, violent effort, if at all, that v 



'iagt% rIiijuIiI 
iddenly, it i» only prtlinpii Uj 
the ouwiird luovuiuiiiil of -iiir 




1m im^lm, aoiwInRl e wtttti Im^, iibiMt d 

AiK wic •■£ *wi> iucbet dutw. wiili * ^Ma twM 
w • iiiwi >'iiit ■appwi«d bt inet. Ukt * ti^^ as 

rWdaMTlfacMBta-tf aft M«k df «tKH« «lHrtf 4 




Siiould the above cspcriraent be tliouglit too troublesome or expei 
sive to prepare, inertia may be demonstrated by filling a ten-cup or otht 
eonvenient vessel iritli water, and after moving rapidly with it ia an 
direction, if we atop suddenly, the rigidity of all parts of the cup w 
hold brinp them simultaneously to a state of rest ; but the mobility <: 
the liijujd particles allows of their continuingin motion in their origini 
direction, and the liquid is spilled. Thus, carelessness in handing an 
spilling a cup of tea (though not to be recommended) serves to illuatrat 
an important principle. The inertia of bodies in, motion is further bdi 
lamentably illnstrateii by the accidents eaused from the sudden stoppag 
of a railway train whUst in rapid motion, when heads and knees come tl 
contact with frightful results. — It is more especially demonstrated b; 
the earth, the moon, and the other planets eontinuinir their motion ftj 
ever in the absence of any friction or resistance to oppose theii- onwan 
progress. It is the friction arising from the ronghness of the groimd 
the resistance of the air, and the force of the earth's attraction, whi(^ 
puts a stop to bodies set in motion about the surface ofthe e " 



of the earth. 1 




« it from tlie 



Iturtia represents a passJTe fcrre, ffravitatioa, ui a 

matter ; and tMs l&tt«r idbj truly be termed a, force of atfiaclioa, became 
it acts between masses at seasiBie or insensible distances : it is iHiis- 
iteated by a stone, unsupported, ffllling to the ground ; by the s 
ycessing with force on the earlh, and reqairing power to tai" ■* *— " 

l^ond : indeed, it is comoHiDly leporled thai it vas by a 

"an apple faUingfrom a tree"— that the creat Newton wasled toreSoct 
'on tbe universal lav of ^sTitatioa, and to prosonnce upon it in the 
I AlUoinng m^norable trords : — 

" Eceiy particle of matter m tl^ tmiva^ altracti rray olirr perlieie 

■^ mailtr »Uh a firee or praeer direelly jiropeiiUmai lo llie gueaiUf a/ 
■ natter » mcJ, and dfCrauinff at the tquarei of tic dUtanca lekiei tepa- 

tale the partitlrs inereate." 

These words may appear teit obscore to oar jufoiile readers; but 

wbea dissected and eiamined properly, tbej clearly define the prqiectv 
iof gravitation. lor instance, "eveij paitioe atiricts everr ottier wilh 

K force proportional lo tbe qiiaotitj of matter in 

each." This statement was verified some years 

back by Mastelyne, who, having souo^t oat aod 

discovered a st«ep, predpitoos lock in the 

Schichallion mountains, in Scotland, snspended 

from it a metal weight by a cord, and going lo 

• convenient distance with a telescope, and ob- 

•Crvmg the weicht, he found ibst it did not 

bang perpendiculaHy, like on ordinary plumb- 
line, bnt was attracted, or impdled, to tlie sides 

of the rock by some kind of attraction, wiiii,rf 

eottne. could be no other than that indicided 
hj Newton as tbe attraction of gravitation. 

This truly wonderful power of attraction p«- 
Vmdcs all masses ; and being, as before stated, 
proportional to the quantity of jnalter, if a mao 
«D(ud be transported to the sur^ce of tlie Mm, 
fce would become about thirtr times hearier: he 
WDnld. be attracted, or impelled, to the son with 
^irtj times more gravitatmg force than on the 
ncface of tbe earth, and would weigh aboat two 

IdBB- Of coarse, nursing a baby an the son'* 

•ttbce wonhi be a very serious 'aSair with our Boi^ fbe dotted liHud 
arUttary strength ; whilst on some of tiie amalkt j^'Ji^T'.IS.S^ 
uane^ snch as Ceres and Pallas, we sbonld pro- te^ aidbt iks Bh gfOw 
^hly gravitate with a force of a few pomids J^S w^ '"*=■*" ^ 
'■■'y, aad with the same muscular pown now riK^ " ■ ■"™^ •"***■ 
aessed, we should quite emulate toe expknts ^ 
tbose domestic little creatures 




papeo- ^H 
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called ^ the iiulustriolu fleas," and our jumping would be somet 
marvellous. 

There is no verj good lecture-table experiment tliat will illos 
gravitaition, altliough attention may be directed to the fact of a pie 
potassium throwB on the surface of water in a plate generall j nu 
to the sides, and, as if attracted, attaching itself with cjeat force t 
substance 'of the pottery or porcelain; or, if a model ship, or Ion 
wood, be allowed to float at rest in a large tank of water, and a nu 
of light dbips of wood or bits of straw be thrown in, they generalli 
lect and remain around the larger floating mass. 

A very good idea, however, may be afforded of the universal acti 
gravity maintaining all things in their natural position on the ear 




Fig. 18. 

A, The centre ball, repretenting the earth's centre of gni;Tif7. 

w w w w. Four wirei fixed into centre ball, and pusing through and secured 
hoop, projecting aboat one foot flrom the circunference. 

B B B B. Two balla— ft model ship and toy— working on ihe wires like beads, wit! 
canized India>mbber ataraps attaebed to them and the drcnmference of the hoop. 



GKATITATIOX. 

ttking a boop ami imnging la snd upon it haDa, or a ■ 
Wber toy, and vires, as depjcled in oar diagram. 

Witb this simple appar^ua we msT iUustiatc the upward, dowiwird, 
«nd aidevaj moremuit of bodies frocD the eartb, and Uu caanteneticn 
In the force of ^vilation of any teudenc; of maUer to bll awaj &oai 
■Se ^obe, which IS represented in the modd b; the indi^TuUxT nr^ — 
piUliiig the balls and loTS back again lo the eircamEBroioe of tlie hi , . 

The attraction of graritation decreases (qitalJBg ihe reaainder of 
Newton's definitinn) as the squares of the distances whidi s^aiatc 
the particles increase — i.e^ it obeys the pdnijple called "inTene fto- 
portum" — «i£., the greater the distance, the las gntTitatJng power; tiie 
less the distance, the greater the power of giariiaticoL (iiavitatioii is 
Eke the distnbntiou of light and other radiant forces, and maj be tbiu 
""uatratcd. 





To make the compaiisan between the propagatian of light aod tiie 
■ttractiou of gravitation, we have only to imagine the caiuBe, a, to 
icjKesent the point where the force of gravity eiists in the hidiMt 
dr^ree of intensity ; suppoae it to be the suo — the pvat centre of tUs 



e will be attracted (like 



1 magnet) with a certain 



force ; at twice tlie distance, Ihe sijuare of two being fonr, and by in- 
verse proportioD, the attraction will be fonr times less; at thrice 
the distance, nine times less ; at the fourth distance, sixteen times less ; 
and ao on. With the assistaaee of this law, we may "'"■'«'''. 
roughly, the depth of a well, or a pretnpice, or a colcunu, by aseer- 
taiamg the time occupied in the 6M oi a stone or oUier hea^T sob- 
etance. A falling body descends about 16 feet in one leaaiid, 64 feet 
in two seconds, 144 feet in three seconds, 25G feet in fbnr secondt, 
400 feet in five seconds, 57G feet in six sccouds ; the spaces passed over 
being as the sqnates of the times. 

Suppose a stone takes three seconds in falling to the surface of the 
water in a well, then 3 X 3 = 9 X 16 = 144 feet wonM be a roneh 
estimate of the depth. The ealcnlation will exceed the truth 
aeqncDce of the stone being retarded in its passage by the rcsislAoee 
the air. 
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m leii|(th, iTO tnobos broad, and two inches deep, m% 

. \ nicclj-Sttcd bottom, attached b; a hinge, a numM 

:, tiioli lu u-nod, cnrk. tnnrble, iron, lead, copper, mty 

narow; wid directly Ibe band is vitbdrairn, tlic movei 

flop 6iai tipaa, and if llio maiitpnbtion with the disengagement of 

tnp-door is good, thu vbolc of the substances arc 

' MXth in n straight lino, tis slio'm iu our drawing. 




If a heavy substance, like gold, he RTuiifly extended bv haramei 
and beating into thin leaves, and then dropped from the hand, the 
sistanoo of tlie air becomes very ajipitrent ; und a gold coin and a p 
of gold-leaf would not reach the earth nt the same time if aJlowei 
fall from ajiy giren height. This fact ig cosily displayed by the as 
tonce of a. long ghiss cylindrical vessel placed on the air-pump, \nth a 
able apparatus arranged with littlo stages to carry the different g 
stances ; upon two of them may he placed a feather and a gold coin, 
on the third, another gold coin and a piece of gold-leaf. 

In arranging the esperiment, great care ought to be taken that 
little stages are all nicely cleaned, and free from any oil, grease, or ol 
matter which might cause the feathers or the gold-leaf to eUng to 
stages when they arc disengaged, by moving the brass stop round t 
worn in the collar of leathers. SoincLimes these leathers arc oiled, . 



jt case, wheft tb( 

led o\it, anii, passing down, may teach llie 
unent, by cauamg tlie feathers aud ggld- 
1 stick to the brass, producing gr^t dis- 
atment, as the illustratioQ, usually called 
'ffuinea and feather glois expcrim^jl" 
some time to prepare. Tiie air-pump 
'i good order, tho long glass is first 
on the lo^rer welt or edge, and then 
i firmlT on the air-pump plate. The top 
ffelt, may now be greased, and the 
s, feathers, and gold-leaf arranged in 
Irop-apparatus ; this is carefullj placed on 
Dp of the gliiss, and firmly squeezed down, 
author haa always fouud a tallow candle, 
I in a sheet of paper (so as to leave about 
the candle exposed), the best grease to 
IT the glass 



ide, the oil, by the prei 
■ ■■ stages miS s, 





with for air- 
pump eipcri- ■■ 
ments; if the ' 
weather is cold, i~,^, 17, 

the caudle may 

bepiaoed for a few minutes before an 
ormuary fire to soften the tallow. Po- 
niatnm answers perfectly well when the 
sorfoces of glass and brass are all nicely 
gronnd; but as air-pumps and glasses 
by use get scratched and rubbed, tlic 
tallow seems to fill up better all ordi- 
nary cliannola by whioli air may enter 
to spoil a vacuum. 

liie apparatus being now arranged, 
the air ia pumped out ; and here, again, 
core must be taken not to shake the 
gold off the stages. Wima a proper 
vacuum has been obtained, which will 
be shown by the pnmp-gauge, the atop 
is witbdrawn from one oEtlie stages, 
and the gold and feather are sccu to 
fidl simiutaneously to the air-pump 
plate. Another stage, with the gold- 
leaf and coin, maj now be detached ; 
both showing distinctly, that when the 
resistance of the air is withdrawn, all 
bodies, whether called lighi or hearv, 
gravitate equally to the earth. Then, 
at the bottom of the p 
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burreli bciiig opened, Bttcntion ma; be directed to the irhiuin^ noiae 
tliD air mekti on cnlcriog Ibe rkcuuni, and vhen the aii is once edotc 
rcatori'd lo Die long §;luss resad, the bst stase maT be allowed to CiH; 
and now, the gold cuin rcnches the pnmp-piue first, and the feather, 
g behind, loses (as it were) the nee, uid toncbes the plate tiTter 
; thua denioostiBliog cicarlj the rcaiatance of the air to 
falling bodies. 

Another, and perbapa less troableaaiue, mode of showing the same fact, 
is to use a long glass tube elosed at each cod with brass csps cemented 
on. One cap should hare the lai^est possible aperture closed b; a 
brass screw, and the other may fit a small hand-pomp. 

If a piece of gold and a smul feather are placed iu the tube, it ma^ 
be shown that the former reaches the bottom of the tube first, whilst it 
in full of air, and when the air is withdrawn bj means of the pump, and 
the tuba DgatD inverted, both the gold and the feather &tll in the same 
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For tills reason, all attempts to measure heights or depths bj obs . 
the time occupied bj a fallmg bodj iu reaching the earth must I 
correct, and con onlj be rough approximations. An experiment tried at 
St. Paul's Cathedra^ with a atone, which was allowed lo fall from the 
cupola, indicated the time occupied in the descent to be four and a half 
seconds ; now, if we square tliis time, and multiply by IG, a height of 
3i'l feet is denoted ; whereas the actual height is ouj 273 feet, and the 
difference of 53 feet shows how the stone was retarded in its passage 
through the air; for, bad there beea no obstacle, it would hare reached 
theground in i^ths seconds. 

The force of gravitation is further demonstrated bv the action of the 
sun and moon raising the waters of the ocean, and producing the tides ; 
and also by the earth and moon, and other planets and satellites, bdug 

frerentcd from fijing from their natural patlis or orbits aronud the snn. 
t is also very clearly proved that there must be some kind of attractin 
force resident in the earth, or else all moveable things, the water, the 
air, the living and dead matters, would fly away from 
the surface of the earth in obedience to wliul is c^bid 
"centrifugal force." Our earth is twenty-tour houn 
in performing one rotation on its aiis, wliich b an imt- 
' ginnrj line drawn from pole to pole, and represented 
by the tei're ronnd which we cause a sphere to rotate, 
All objects, therefore, on the eaSth arc moving wM 
the planet at on enormous velocity ; and this mov 
f^ jg^ is called the earth's diomal, or daily rotation. 






«ciAe,»p< to tr 6^^ 



■^ bTa-ttUrf W i»Mg > dMSyit^J. » ■ ! ■■■ , .^ifc 
illMyH,iTiiM tri th rairfrirtnTi. ii *nT» ■ — *w^ 




■tiW bet sn be ill*<ntlgd b; > jqn:? auncKt .->^ sn «■: 

m iaaga, aad fwdd M tie Hirs cfl^ceMi- nd, vSck 
IB^ It o« a Ik ttttcn «f tie h^ cnor PMC 
|rcrifcJtte t*MiifM-JrJ »^iiali»»> M T|B t mawtoliw 
BbcL A^M «C«Mta^«»a«.aiTkpfaM4Mthe 

Mth. tteqmy <■» ait tMJfc — ay tw* Jte ly- 



( 
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Another striking and very simple illustration is to suspend a _ 
snlierical cup by three cords, luid havinL; twisted them, by turning ro__ 
the cup, it ma; be filled with water, aud directly the hand is witEdian 
the torsion of the cord causes the cup to rotate, and the water desci^ 
a circle on the floor, lljing off at a tangent from the cap, as IdotV 
noticed in the accompanying cat. 





A boop *hm Irondled would tomhle on its side if the force oi gran 
latiOB WM DOt orercOQie by the centrifugal force which imparts to it i 
notiM Bl llie direction of a tangent (taHffo, to touch) to a circle. T" ' 
NMi BSneJiik sfiiplics to the spinning-top— this toy cannot be made 
t(Md ipOB aa jMOt tatS act in rapid motion. 

^JUM^Btg mtut to the Babject of gravitation, we may now consid 
^^^aWon to olbtr «i«l more wagnificent esamplcs wiiich we d' 
ij ttadjitf the tdatee of astronomy. 



CHAPTER m. 



In h work of this kiud, professedly devoled to a rery brief and popular 
Tiew of tlie different acientilic sabjects, macb cannot be said oa any 
special branch of science ; it will be better, therefore, to t^c up one 
Bnbject in astionom;, and by disciissmg it in a simple manner, our young 
friends may be stimulated to leam more of those glorious truths which 
sre to be found in the published works of many emineut astrouomcra, 
and especially in that of Mr. Hind, called "The Illustrated London 
Aatronom^." One of the most interesting subjects is the phenomeuou 
of the eclipse of the sun; and as 1S5S is likely to be long remembered 
for ita " annular eclipse," we shall devote some pages ana iUustrations 
to this subject. 

Eclipses of the sun are of three kinds — partial, annular, and lotaL 
Many persons hare probably seen large partial eclipses of the sun, and 
may possibly suppose that a total eclipse is merely an intensified fona of 
» jHLrtinl one ; but astronomers assert that no degree of partial eclipse, 
even when the very smallest portion of the sua remains visible, gives 
the slightest idea of a total one, either in the solemnity and overpower- 
ot the spectacle, or the cnriona appearances wliich accom- 
pany it. 

The lato Mr. Baily said of an eclipse (usually palled that of Thales), 
-which caused the suspension of a battle between the Lydians and Medes, 
that only a total eclipse could have produced the effect ascribed to it. 
!Xven educated astronomers, when viewing with tlie uake<l eye the sun 
'jtearly obscured by the moon in an annular eclipse, conld not tell that 
^myparl of the son was hidden, and this was remarkably veniicd in the 
annular eolipse of the 15th March of this year. 

Dorins the continuance of a total eclipse of the son, n-e are permitted 
hasty glance at some of those secrets oTNature which are not revealed 
_t any other time — glories that bold in tremulous amazement even 
ireteran esptorera of the beavens and its starry worlds. 

The general meaiiing of an eclipse may he shown very nieelj by ligbt- 
big a common oD, or oxy-hydrogen lantern in a darkened room, and 
^^towing the rays which proceed from it on a three-feet globe. The 
ntem may be called the sun, and, of course, it is understood that cor- 
-ct comparative sizes are not attempted in tliis arrangement; if it were 
PO, the globe representing the earth wonld have to be a mere speck, for 
" we make the model of the sun in proportion to a threeJeet globe, no- 

dinuy lecture hall would contain it. This being premised, attention 

directed to the lantem, which, like the sun, is self-luminous, and is 

ing out its own rays ; these fall upon the globe we have designated- 
earth, and iUamuiate one-half, wliilst the other is shrouded in dark- 
rerainding us of the opacity of the earth, and teaching, in a familiar 
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maimer, the causes of da; and night. Another fbbe, sav six inches in 
dinmeter.and supported b^a string, jxiai be coiuparej to the moon, and, 
like the earth, is now luaimous, and shines oaij b; borrowed li^ht : the 
mooQ is simply a reSector of light ; like a sheet of white cardDoanl, or 
a metallic mirror. When, therefore, the small globe is passed between the 
lantern and the lam; globe, a shadow is cast on the lantern; it la also 
seen that onlj the naU of the small globe tun»ed towards the lantetn a 
iUuminated, while the other half, oppo^te the laige globe, is in shadow 
or daAnesa. And here we understand why the moon appears to be 
blMk while jiBssing before the sun ; so abo bv moving the small globe 
about in various curves, it is Etiovn whv eclipses are onlj visible at cer- 
tain parts of the earth's surface ; and as it wooid take (roughly speak- 
ing) fiftv globes as large as the moon lo make one equal in size to qui 
euth, the shadow it casts must necessarily be small, and cannot obscure 
the whole hemisphere of the earth turned towards it. An eclipse of the 

■nn is, therefore, caused by the opaoue mass of "-'^ ' 

the sno and the earth. Whilst an eclipse of the 
earth moving directly between the sun and the uu 
cast h; the earth renders a total eclipse of the mo 

number oi spectators on that half of the earth turned towards the° 

All these ^ts can be clearly demonstrated with the arrangement already 
desciibed, of wbich we give the following pictorial illustratioa : — 



passing between 
I IS caused by the 
the large shadow 
isible lo a greata 




b ning lU* apfoatat, it should be explained that if the mooa « 
M fa>9eMlhciaH,t]Kakadcnr would be cylindrical like the figui ~ 



!)p MlhciaH,tkeakadcnr would be cylindricallike the figure I, and 
Mfailed kWtL If abe were of greater magoicude, ii irouU 
Mb natmUt: tk ibdow cait in the experiment alrcadt addaced 





In oilier ta comprehend the difference betweeu sa aDCuIar and a total 
eclipse of tbe sun, it ia necessary to mention tbe apparent sizes of the 
Bon and moon : thus, the former is a very large bodj^ — vis., eight 
Jiundred and eightj-seven thousand miles in diameter ; but then, the snn 
is a vecT long vaj off from the eartL, and is ninety millions of miles 
distant from na; therefore, he does not appear to he verjlaree : indeed, 
tbe sun seems to be abont the same size as tbe moon ; for, although the 
Bun's diameter is (rougblj speaking) four hundred times greater tban 
that of the moon, he is four cundred times further awaj from ua, and, 
consequentlv, the sun and moon appear to he the same size, and when 
tbej come in a straight line with tbe eye, the nearer and smaller bodj, 
the moon, covers tbe larger and more oistant mass, the snn ; and hence, 
WD bave either an annular, or a total eclipse, showing how a small bodv 
inaj come between the eye and a larger body, and eitber partially o 
completely obscure it. 
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With respect Uf an annular ecliose, it must be icneiiberod, tbd tiie 
'paths of all bodies revolying roona others aze elliptical; ije^ thej take 
place in the form of an ellipse, whidi is a figure eaailj demonsteated; 
and is, in fact, one of the conic sections. 

If a slice be taken off a cone, parallel with the base, we hare a cirde 

th US- 




Fig. 29. 



If it be cut obliquely, or slanting, we see at once the figure spok 
and haye the ellipse as shown in tms picture. 



eaoif 




Fig. 30. 

Now, tlic ellipse has two points within it, called " the foci," and these 
Ato on^ly indicated by drawing an ellipse on a diagram-board, in which 
two wails ha\*o been plaoedina strai£:ht Ime, and about twelve inches apart. 
Haviug tied a strinsr so as to make a loop, or endless cord, a circle 
ma^vftwt be drawn DT putting the cord round one of the nails, and 
hiNUiu^ a |>iecc of chalk in the loop of the string, it may be extended 
t\> it* mil distaneo^ and a circle described ; here a figure is produced 
r^HMui owe |HN\wt> and to show the difference between a circle and an 
olH)N»e^ the endless eoxd is now placed on the two nails, and the chalk 
beiivtf OMtteil round inside the string, no longer produces the circle, but 
thx^t familtMr fom\ called the oral. As a gardener would say, an oval 
b,i$ been struck ; and the two points round which it has been described. 
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docs the earth move round the sun? Because it is impdled by two 
forces, one of which has abrcady been fully exphuned, and is called the 
eentrtfugal nower, and the other, although termed the emiripekU km, 
is only another name for the " attraction of gravitation." 




Fig. S3. 

To show their mutual relations, let us suppose that, at the creation of 
the unircrm;, the cortii, m{u:kcd a, was hurled from the hand of its 
Maker; according to the hiw of inertia, it would continue in a straight 
line, A c, for ever through space, provided it met with no resistance or 
obstruction. Let us now suppose the earth to have arrived at the 
point D, and to come within the splierc of the attraction of the sun s; 




Fig. Si. 



Monr. 
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here we have at ouce contending forces actbg at riglit au^les to each 
other 1 either the eartb must oontimie iii its origioal direction, AC, or 
fall gTadnallj to the sun. But, mark the beantj and harmoii; of the 
arrangement : like a billiard-ball, struck witli equal force at two pomts 
At right angles to each other, it takes the mean between tlic two, or 
what is termed the diaeon^ of the parallelogram (as sliowu in our 
drawing of n billi^-tahle), and passes in the directiou'of the cmred 
line, B D ; having reached d, it is ngain ready to flj oEf at a tangent ; 

the centrifugal force would carrj it to 

E, but again tbe gravitatii^ force con- ---^' "~~ - 

tmls t!ie centrijKital, and the earth 
pursues its eHiptical path, or orbit, till 
the Almighty Author wbo bade it move / 
shall please to reverse the command. / 

The mutual relations of the centri- t 
petal and centrifugal forces may he | 
illustrated by suspending a tin oylin- i 
drica! vessel hy two strings, and \ 
having filled it with water, the vessel '^ 
may be swung round without spilling 
a single drop ; of coarse, the movement 
jnust be commenced carefolly, by mak- 
ing it oscillate like a pendulum. 

The cord which binds it to the finger 
may be compared to the centripetal 
force, whilst the centrifugal power is 
iDostrated bj the water pressing against the sides and remaining in the 
^ TCSSeL Upon t)ie like principles the moon revolves about the earth, 
hut her orbit is more eilip- 
^.^-^ ■■ — ~^. tical than that of the earth 



. -^^ ^^ondthet™, .^ . 

■wr "v> evident from our diagram 

/^ "V, that the moon is much fitr- 

- ', ther from the earth at a 

•A^^ \ than at b. As a natural 

tt^^ I consequence, the m 

^9w j pears sometimes i 

^ larger and sometimes 

amallec than the sun; the 

y' apitarent mean diameter of 

^-- the latter being thirty-two 

-' minntes, whilst the moon's 

ng.n. apparent diameter varies 

from twenty-nine and a 
[f to Uurtj-thrce and a half minntes. Now, if the moon passes eiaiHly 
' reemuuidtliesiuiwheosheisapparentU largest, then a total eclipse 
s place ; vherew, if she glides between ihe sun and ourselves when 
" ' ' '., when farthest olT from Ibe eoith — then she is not snffi- 



moon an. 
I a little 
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cienllf large to cover the sun cntirclv, but a ring of snnliglit r 
viiublc: around her, and what is called an anuular eclipse of the s 

TUlis fact mar be fthonn In nu clTeclivc manner bj placii^ tiifr I 
oxj-liydrogtn lantern before a sheet, or olher white surface, and w<Mr>;| 





iug a bright circle of light upon it, which maj bo called the su^, ™_ 
if )L rouid disc of wood be passed between the lantern and the shee^ 
A certain distance from the aoide of the lantern, all the light is cut dj 
Uie circle of light is no longer apparent, and we have a reaemblaucoj 
;t total eclipse. ^ 

Bj tAking the round disc of wood fortliet from the lantern, and S 

rfttmg the OLperiinent, it will be found that the whole circle of lij' 
not obacurca, but a ring of light appears around the dark centre, «_ 
K^adicg with the phenomenon called the annular (ring-shi^Bd 

JJ a bullet be placed very near to one eye whilst the other remains 
closed, tt I«?c lirget way be wholly shut out from vision ; but if the 
iiliJJet be a«t|uated at u greater distance from the eye, then the centre 
only will be obscured, and the outer edge or ring of the target remains 
vMblo. . , , „ , . 

When tju^ udvaiiouig cdae, or hrst Imb, as it is termed, of the moon 
approoches yery neat to the MWind hmb of the sun, the two ore joined 
loRethor for »■ Iwie by akwualwns of black and white poiuts, called 
B2ly'»b"»4a. . 

Tbjs nhvDomvnon is sappowM to he caused partly hj the uneven and 
inountiuuoua edge of tbe Biwa, and partly by that inevitable fault of 
IdcBCones, and of tfcc JJ^rvoUB systau of the eye, which tends to enlace 
t!io Imaacs at liimiiious objects, producing what is called irradiation. It 
Is oxeeBaint-Ij interCBtinB ^" '"^w llial, although the clouds obscured 
the auiiular eclipse of T&68, l" """ij parts of Eneland, .r- - 




IritOe maided duanasme 
Tdt^ who itaita a»— 
"ItnihriiliiiiMiiii ifm m 



-Prior 



.^KkammcekHkpha^MniCw to ■«< 



SMoadi lAcF 1 iifdati ; il 



AtU-I^Oea 






dottn than dmii ^ . 

but it wss U>e sti^ow of « 

lifin^ <Hi the lium sodd^ 

to' be milked!' and 1^ a^ dl W a 

vi^kin the hour. Coda aani. Indi 

nitfasilj, but neij o^wt &ff and Mar ns vdH drfaol to lie t^c^ 

"Asingnhr farosdvaj of l^kt «twMted»artt»djoM3kfar fwda 
nf sqovterof anboDT; from aboat I3'a4 to l-lOrjL 

gtiwannnhreclqweoftheMaheawalfarfarB— ViMiit.aetntri 
eclipse of tbe same a modi iiii>e nopoBK; no cthrr ' ■!■■■■■"» ll 
tliat of air/tllf ffraad, can ^TCia id^ of oe e&Eta '■-■'' ■ 

tbe eaiideiuies£ nith vludi a ofaaewes liie fi^ «f b 
fieaSj it is said, comes dropaag down fike a naitfk, t 
of full obseuistion appnndies, peoflB** i 
'Jborizoii is indistinct and sometimea mriubk, and IfaEte i 
appearance of honor on all sUes. Hcae are not bbi^j Ae a 




9 ruiTKioK or aouoK. 






of acliic iiuiDEin imaginatkatw far tity jndaee cqui, if Mt (■ 
effects, upon the bnte CRKliaa. M ftryr utt*— -n i-**«-" ^^ 

Etarved dc^, wbo win iiiiiiwiiiilj <hiwiiiig mnm Hood, bnl d--rc 

Iho inotMit the duiness ome oo, A swarm tl ma, builir ensigel 
Btopned when the dariLiiess coBuennd, aad rMMPcH BOtionlen till 
thu [igUt resppeued. A benl of oxen ccJIccted tlwaocbn into a dide 
and stood still, with Ihcir hams ovtwd, as if to mist a comnm 
cnciiiT ; certain plants, such as the cooTaJTolas *wl slk-bee acMsa, 
closed their teaTCS. llie latter staletoeot was comborated during the 
' annular eclipse of the loth of March, ISiS, bi Mr. E. S. Lane, who 
states, that crocuses at the Ofaserratorr, Beestoo, had ttieir blosMnn 
exiiHiiilud before the eclipse ; iber comuenced eknia^ iomI were quite 
shut at about one minute preiioas to the greatest ^ifaifCT ; and the 
flowers opened parliall; about twentj aunntcs afterwwdav A " Icial 
efiipie" of tho sun has always imprtSMd the hsBaa miBd wHh teiror 
nnti wonder iu eTor; age : it wis alwajs sanpoeed to be the foremiuier 
of evili and not outj is the mind powerntlr impressed, as darkness 
gradiiaU'r shuts out the fiuxT of the sun, bat at the moneiit of toUlitj, 
a mnguiDoent Mronn, or glor; of light, is risiUe. and prommences, or 
flames, aa they are often Ivruied, make their appearaoee at different 
points round Ihc oirole of the dark mass. Tbu ^017 does not flask 
suddenly on the eje; but commencing at the first Umb of the sva, 
jiBSSCS quickly from one liitib to the" other. Our ilioa 




■'the corona" and the "rose-coloured proniinences," whose nature we 
shall ncit endcavoot to explain. Professor Airy describes the change 
from the last narron crescent of light Iu tlic entire dark mooa, snr- 
rounded by a ring of faint lieht, as most curious, striking, and magted 
in effect. The progress of the fonuntiou of the otnotia was seen di»- 
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t;x]>editkja to Tjf^t, witnessed a remarkable example between Alex* 
aijdm and Cuirtj, where, in all directions, green islimds appeared sur- 
rcmiiditxi by <;xteusivc lakes of pure, transparent water. M. Monge 
tftaieb tbat ** N^ithing could be conceived more lovely or picturesque 
Xhm tin; landMisifiC, In the tranquil surface of the lake, the trees and 
lKmM» with wlii/;h the iidands arc covered were strongly rcflect-ed with 
vivid a!;d varied hues, and the party hastened forward to enjoy ^e 
rdrt*hj;i^iit ap[Arently proffered tliem; hut when they arrived, the lake, 
on whotie \)ifjt/jm the images had floated — the trees, amongst whose 
iolm/jet* th/ey hxtm*, and the people who stood on the shore, as if in- 
rlijju^ t}u;ir approach, had all vanished, and nothing remained but the 
ujoifom aud inamuisi desert of sand and sky, with a few naked and 
ra^^ Aralw," 

u M. }Aftu^*t arid hlif party ]md not been undeceived, by actually 
;2>0iAg Ui Xha i$jV/t, they would, one and all, have been firmly convinced 
that t!>e«« viftir;nary trees, lakes, and building had a real existence. 
This )uhA of mnay^. ia known in Persia ana Arabia by the name of 
'' tenh'* or miracuKjus water, and in the western districts of India by 
that of ''sclieram/' Thiit illusion is tiic effect of unusual refraction, and 
>L Faye attempts to aec^^uut for the rosc>coloured mountains by some> 
thing of a simiJar nature. 

It ia right, however, to mention, that learned astronomers do not con^ 
sider this theonr of any value. 

Lieutenant rattcrson, one of the observers of the eclipse of 185I» 
says, that '* It is very remarkable that the flames or prommences cor* 
respond exactly (at h^aat as far as ho could iudge) with the spots on the 
sun's surface/' Taking this statement with that of M. Faje, it may 
be assumed, aa a new idea, and nothing more, that these prominencea 
are, after aU, mere aerial pictures of these openings in the sun's atmo^ 
sphere, or what are callrjd *' sun spots." In the " Edinburgli Philoso^ 
piiical Journal," it is said, that although it lias lately been shown in tiifr 
Edinburgh Observatory tliat it is possible to produce, bv certain optical 
experiments, red flames on the sun's limb of prccisel;^ the rose-coloured 
tint described, yet, on weighing the whole of the evidence, there does 
seem a great preponderance in favour of tlio eclipse flames being real 
appendages of the sun, and in that case they must be masses of such 
vast size as to play no unimportant part in the economy of that stupen- 
dous orb. 

During the last eclipse great disappointment was felt that the dark- 
ness was so insignificant, although, when we consider the enormous^ 
light-giving power of the sun, and know that it was not wholly 
obscured, we could hardly have expected any other result. There can! 
be no doubt that a decided change in the amount of li^ht is only to- 
be observed during a total eclipse of the sun, one of which occurred 
on the 7th of September, 1858 ; but, unfortunately, it was only visible 
in South America ; we must therefore content ourselves with the de- 
scriptions of those astronomers who can be fully relied on. From 
the graphic account given by Professor Piazzi Smyth, the astronomer- 
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loyal for Scotland, of a totd eclipse as seen by hi in c 

coasi ot Norway, ive maj form some notion of the imposiug appearance 
rf the suTToimduif; country when obscured during the occurrence of this 
tare astronomical phcnomeaon. 

Tho Professor remarks, "To understand the scene more folly, the 
leader mnst fancy himself ou a small, rocky island on a mountainous 
coast, the weather calm, and the aky at the beginning of tiie eclipse 
Bcven-tcntlis covereii witU thtu and origlit cirro-strati clouds. As the 
eclip^ approaches, the clouds eraduallj darken, the rays of the sun are 
no longjer able to penetrate fliem through and through, and dreuch 
Ihem with living light as before, but they become darker than the sky 
,«^inst which Uiey are seen. The air becomes sensibly colder, the elouifs 
■till darker, and the whole atmosphere murkier. 

" From moment to moment as the totality approaches, the cold and 
darkness advance apace ; and there is something peciUiorly nod terribly 
oonyinchig in the two different senses, so entnely coinciding in their 
indications of an unprecedented fact being in coarse of accomplishment. 
Saddenly, and apparently without any warning (so immensely greater 
irerc its ell'ccts than those of anything else which had occurred), the 
totality supervenes, and darkness comes doa». Then came into vte>T 
lurid bghts and forms, as on the eitinction of candles. This w "-' 

Can 

"Darkness reigned everfwhere in heaven anA earth, except where, 
along the" north-eastern horuon, a uarrow stri)» of unclouded sky pre- 
iBCnted a low burning tone of colour, and where some distant gnow- 
eovered mountains, beyond the range of the moon's shadow, reflected 
'tiie faint mouo-chromatic li^ht of the partially eclipsed sun, and eiht- 
iited all the detail of their structure, all the ligut, and shade, and 
IDBrkings of tlieir precipitous sides with an apparently supernatural 
^tinctncss. After a little time, tlie eyes seemed to get accustomed to 
piR darkacss, and the looming forms of objects cbse by could be dis- 
d, all of them e^biting a dull-grecnhuc; seeming to have esJia^ 
natural colour, and to have taken this particular one, merely by 
e of the red colour in the north. 

Life and animation seemed, indeed, to have now departed from 
Ireiytbmg around, and we could hardly but fear, i^ainst our reason, 
Jut if such a state of things was to last much loogcr, some dreadful 
}aktnity mnst happen to us all; while the lurid horizon, northward, 
^qieared so like tuc gleams of deoarting light in some of the grandest 
■aiutii^ by Donby and Martin, that we could not but believe, in spite 
if the alleged extravsganccs of these artists, tliat Kature bad opened 

r^ to tlie constant contemplalioa of their mind's-cye some of those 
nagnificent revelations of power and glory which others can only get a 
mpse of on occasions such as these. 
It can be easily imagined, that under such peculiar and awful eircum- 
■— the careful observation of these effects must he somewhat dif- 
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fioiilt. ami \\ic onlr vonJcr i5 ihai the Mtronomical obaenrations are 
ooiulurtoil >»iili aiiv ivrt.\:r.:T m x^. 

In tlu* ivlipM* i<i l>4i\ i: VA5 n:>t onlT the riracious FrencluDan who 
wns o»rrii\l awav \\\ li.c '.n-r. '4.'.>^ v>f liif moment, and had afterwards to 
|)lcml that "k^ ti-.js «. «. -y ;ija j am*** as an excnse for his nwfnlfillid 
imrt in the obscnaiioiis, but the same was the case with the graTO 
r.ii^lishinnn aiui the tiionc Mohd German. In 1S51, much the same 
failure in the oliyenatioiu^ ixvurred : anion some person asking awc^y 
Anieriean, who liml cone wiih hi» instruments from the other side of 
tlie worM expressly to oWrre the eclipse, what he had succeeded in 
doint;y he merek ans\ien\i. with much quiet impressiveness, " Ukat if 
if trttt to U vhr.Tf.i I'rrr .ryjiif, kf hift^ he fromid be able to do «o«^ 
/kiNi/, fi^t thtjf^ r.s it 9r.if, if LiJii-cmfni'tiiMff: it bad beeii too wntck 
1»r kirn.** *X\\x!^ is r.ot quite so had as the fashionable lady who 
uul been invitini to Kx^k at an eclipse of the sun through a mnd 
telei«tMpe. but Arriving: toi^ laie, inquired whether ''it could not be shown 

Wiih this brief irlauee at the science of astronomj, we once more 
return to the term "gravitv/* which will introduce to us some new 
ami interesting; f:u.M5. uiuier the head of what is called ** centre of 

f^ravitv.** 
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CENTRE OF GRAVITY. 

That poiftt about ickii'b ail thf path of a bodjf do, w a»f siittatioM, 

tjrat'f/j^ btthtH^ eacb otb^. 

TiiK discovery of Huh fact is due to Archimedes, and it is a point in 
every Holid body (whatever the form may be) in which the joreet of 
ijravUy may bo eoiiHidenui a^ umtfd. In our ^lobe, which is a spherCi 
or rather nn obhite spheroiil, tlie centre of ^vity will be the centre. 
Thus, if a phinunei bo suspended on the surlace of the earth, it points 
directly to the centre of gravity, and, consequently, two plununet-liDBS 
Hunpcndcd side by side cannot*, strictly speaking,' be parallel to eadi 
otlicr. 

If it were possible to boro or dig a gallery through the whole substance 
of the earth from polo to pole, luid then to allow a stone or the fjidded 
Mahomet's cofliu to fall through it, the momentum — 1>., the ibroeof the 
moving body, would carry it beyond the centre of gravity. This force, how- 
ever, beinff exhausted, tlicro would be a retrograde movement, and after 
many oscillations it would gradually come to rest, and then, tmsupported 
by anything material, itwoiud be suspended by the force of gravitation, and 
now enter mto and take part in tlic general attracting force ; and being 
equally attracted on every side, the stone or coffin must be totally without 
weight. Momentum is prettily illustrated by a series of inclined pl^wM 





Fig. 41, PFF. liic]m^i>]aD(9,ffnbluBU?d(KroDtiumhoi£l]t,0atoatfifiachmaU(Wiuij, 
irilb ■ grocjvt it the Up to caxj sn ordMsijr micble. ■ b a. DlRlinDt poalHeai M Ibi 
inublF, wbicb Btuti from b i. 




sot's platbook or aciraici; 



the first mclioe, the momenliun will rarrj it up the second, from whidi 
it vill aguu descend atid pass up anil down the third and last mmuttuie 
mountain. 

In a sphere of unifonu densilr, tljc centre of graTitj is easily dis- 
covered, but not tK> ill an iiregulaf matt ; and here, perhaps, an explana- 
tion of terms ma; not be altogether unacceptable. 

Mail, is a term apphed to solids, such as a maiis of lead or stone. 

Bulk, to liquids, such as a bulk of water or oil. 

Vohtme, to gases, such as a volume of air or oijgen. 

To find the centre of gravity of ao; mass, as, for example, an ordiavy 
scbool-slate, wc must first of all suspend it Enini an; part of the fnme; 
' ' ' ' ' ' - ■' "-'^ -' - jspensioD, and maii 
n the slate. AjHi, 
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suspend the slate at various other 
pomts, always marking the line of 
direction of the plnoimet, and st 
the point where the lines intersect 
each other, there will be the centre 
of gravity , 

If the slate he now placed (ss 
^hown in Fig. 43) on a blust 




wooden point at the spot where the 

lines cross each other, it will be 

iwe print" nf mi- found to balaucc eiactlv, and this 

^_ttA-j. ►.TiiBlino place IS called the cm/rf ofgrmiif, 

it pionuagi^ " Dcing the point with which allother 

purl idea of Uie body would move with parallel and eqnable motion during 
Its fall. TliB equilibrium of bodies is therefore much affected by tbn 
poaitioi) of the centre of pruvity. Thus, if wc cut out an clliplical figure 
from a bunrd cue incji iu thickness, aiid rest it ou a flat surfuce by one 
of its edges (as at No. 1, fig. 44). this point of contact is called the'point 
of support, and the centre of wa\ity ta immodintcly above it- 

lu this vw. the bod;f is m a stiitn of ssouro eqtiilibnum, for any 
notitn on either side will euuso the ccutn- of gravity to ascend in these 
OM, and u osdllation will entuo. lint if wo place it upon ibis 
r sxt, u shown at No. S (Hit. it), the j-OMtion will be one ctf 
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g. a, Tha grAot dT mppart. 



the oval and canse its overthrow. Tlie famous story of Columbus and 
the e^ suggests a capital illustration of thia fact ; and there are t ■ 
inodea m which the e^ tnaj be poised on either of the ends. 

The one nsuallj attributed to the great diacoverer, is that of scrapi 
ir slighllj breaking awaj a little of the shell, 80 as to flatten one of 1 




f not djiturbedb^ond tbecxtedt or^epumt af lupport Lh«eqid]ibriamls Btablc. 

The most philosopliical mode of making the egg stand on its end and 
witliout disturbing tlie exterior shell is to alter the position of the jolk, 
vliich haa a greater density than the white, and is situated about the 
centre. If the egg is now shaken so as to break the membrane eneloslog 
the yolk, and thus allow it to sink to the bottom of the smaller end, the 
centre of gravity is lowered; there is a greater proportion of weight 
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boy's playbook of sciescs. 



N^l 
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eixuxiLtrated In the small end, and the ezg stands erect, » dqpicteii u 

It is thb Tariabie position of the centre of j^raTitr in itott boIL} 'oof 

pflurt of which maj be nocr 
dense than another i that so 
freqnentlT ansoj3 eren uie 
best hiIiia[rd^tlaTeT5 ; and on 
this account a^iall will dN 
Tiate from the line in which 
it is impelled, not from aaj 
fault of rhe plajer, bat in 
consequence of thie itoet 
ball being of nneqsaL den- 
sity, and, therefore, not bar- 
ing the centre eoDcaoiid- 
ins^ with the centre ot gra- 
~ TitT. Agoodhilliani-plaTcr 

fvr, «.— 3r/>. 1. seetioa ot exn. c. Centre of gnTxtj. jhonM therefore, always tZT 
T, TEii yolk, w. The white. *l^ kTll k^c^,^ L • ' 

STo. 2. c, Cmtreof frarity.miith lowered. x.Tlie the Mil before lie engages 
jolk as the boctom of the e^. to plar for anj large SUL 

The toy called the "tombola" reminds ns of tkle egg^pc n menl, as 
there is asaallr a Inmp of lead inserted in the lower part of the hcmi- 
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of fnvhf in the lowest plave, figure uprigbl. 

ined on either aide; hat ftlB^ 



Tyr. jr.— Xo. L c. c 
27.).X c. Omtre of (mfit7 raised an the tiiture ia ineli 

a^pia inti) the lowest place ae the figure gndnaUyeomes to rMt. 



sf^ere, and when the tor is pushed dofwn it rapidly assumes the upiisht 
position becaasc the centre of jera'itT is not in the lowest place to \rhiek 
It can d^jtcend ; the latter pociition being onlr attained wnen the figure 
» upright, 

iWe is a poptdar paradox in mechanics — ^viz., " a body liaTiitf a 
tendencT to fail hy its own weight, may be prevented from faUib^^br 
addine to it a weight on the same side on wbich it tends to fail,** KM 
the pmdox is demonstrated by another well-known child's toy as de- 
picted in the next cot. 
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but tlii» b fasiW explained when it is nsdentood thifc with the 
handle dviwiiwards a aiueh :»aialler arc b described ts it &Us than whea 
revi*RH\l. :k> that iu the fonuer cade the balancer has not time to le- 
ac^ust the ivutre. whilst iu rlie latter petition the are described u so 
lax)^'> that before the sword tails the centre of SEnritr maj be restored 
within the line ol* direction of the base. 

For the saiTic reason, a ciiild thppina: acainst a stone will M 
iluii'kW ; when*a5« a iiuiu cui recoTcr tiiniself ; this fae% eaa be feiy 
niivl^v shown bv tixiug two square pieces of mahoganj of dUAerent 
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IV- -^^- ^'"'^ i the NNirU MJbttk'U ^bmarOL acriUm^ ^caittM « ^**i^ what tje 
sb^rt pkvc BklU tr«^ luJ ilw Uwy him «i.wbi2. 

lencth*, by hiuu^s on a It: bas^ or board, then if the b«ri be rns^d 
rA^udW lx>rward and struck a^fuuK a lettd we^t or a aail pni^'izL cb» 
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table, tte abort piece is aeen to fall first and the long one afterwords; 
the i^flerence of Ume occupied ia the fall of cueh piece of wood (wbioU 
maj be carved to rcprcaent the bnnian iignre) being clearlj denoted by 
the sounds produced as they strike ibe Iward. 

Boat-accideats freqaently arise in consequence of ignorance on tbe 
subject of the centre of graritj, and when persons arc alarmed whilst 
sitting in a boat, tbey generally rise suddenly, raise the centre of gravity, 
which failing , by the oscillation of the frail bark, outside tbe line of direc- 
tion otthe base, caanot be restored, and tbe boat is upset ; if the boat were 
fixed by the keel, raising the centre of gravity would be of little coa- 
sequeoce, bnt as the boat ia perfectly free to more and roll to one side 
' or the other, the eleration of the centre of gravity is fatal, and it 
operates inst as the removal of the lead would do, if changed bosa the 
base to the head of the " tombola" toy. 

A very striking experiment, exMbiting the dan^r of rising in a boat, 
maybe shown by the foUowing model, as depiclca at Nos. 1 and 2, figs, 
63 and 53. 
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We thus perceive that the stability of a body placed on a base depends 
upon the position of tlie line of direction and the height of the centre 
ofsTHvity. 

Security results when the line of direction falls within the base. In- 
■talnlity when just at the edge. Incapability of standing when falling 
witboDt the base. 
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l^rmnids, in their simple fonn and soliditj, lemain almost as thej were 
built, Bad it will be noticed, in the accompanjing sketch, how difficult, 
if not impossible, it woold be to attempt to ore'rtlmiw bodilj one of these 
great monuments of ancient times. 

The principles alreadr explained are directlj applicable to the con- 
Btrnction or secnre loamng of vehicles ; and in proportion as the centre 
of gjavitjr is elevated above the pomt of support (that is, the wheels), 
80 IS the insecurity of the carriage increased, and the contraiy takes 
gilacc if the centre of gravity is lowered. Again, if a ira^on be loaded 
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with a Tery heavy SBbstance which does not oceupv much spaee, such 
as iron, lead, or copper, or bricks, it will be in much less danger of an 
OTeTthro\r than if it carries on equal weight of a lighter bodj, such as 
pockets of hops, or bags of wool or bales of rags. 

In the one instance, the centre of grayity is near the groond, and falls 
■wellwithinthebase, asatNo. l.fig. 57. Inthe other, the eeutreof gravity 
13 considerably eletated ahoye the ground, and having met with an ob- 
struction which has raised one siae higher than the other, the line 
of direction has fallen outside the wheels, and the waggon is 
turning as at No. 2. 

The various postures of the human bod; may be regardeil as so many 
experiments upon the position of the centre of gravity which we are 
every moment unconsciously performing. 

To maintain an erect position, a man must so place his body as to 
cause tlic line of direction oi his weight to fall witliin the base formed 
by Lis feet. 

The more the toea are turned outwards, the more contracted will bo 
the base, and the body will be more liable to fall backwards or forwards ; 
and the closer the feet are drawn tc^thcr, tho more likely is the body 
to fall on either aide. The acrobats, and so.caUed " Indiiv-Rubber 
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these accomplishments arc not to be recommended to young peonle, 
some other marvels (such as balancmg a pail of water on a stick laid 
npon a tabic) nay be adduced, as illustrated in lig. 59. 

Iiet A B represent an ordinary table, upon which placo a broomstick, 
C 9, M that one-half shall lay upon the table and the other extend from 
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it ; f lace over the stick the handle of an empty pail (which may possiUy 
require to be elongated for the experiment) so that the handle toaches 
or falls into a notch at h ; and in order to bring the pail well nnder the 
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Fig. 69. 

table, another stick is placed in the notch E, and is arranged in the 
line OPE, one end resting at g and the other at e. Having made these 
preparations, the pail may now be filled with water ; and although it 
appears to be a most marvellous result, to see the pail apfnrently 
balanced on the end of a stick which may easily tilt up, the principles 
already explained will enable the observer to understand that the centre 
of gravity of the pail falls within the line of direction shown by the 
dotted line ; and it amounts in effect to nothing more than carrying a pail 
on the centre of a stick, one end of which is supported at e, md the 
other through the medium of the table, ab. 

This illustration may be modified by using a heavy weight, rope, and 
slick, as shown in our sketch below. 




Fig.eoi 



Before we dismiss this subject it is advisable to explam a tem n> 
ferring to a very useful truth, called the centre of percussion; a kBOV- 
ledge of which, pined instinct ively or otherwise, enables the waAaam 
to wield hb tools with increased |wwcr, and cives greater force to ths 
cut of the swoTvlsman, so that, with some physical strength, he mj 
perfoni\ the feat of cutting a sheep in half, crea>ing a bar df lead, or 
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eatly dividing, a la SalniiiH, in ancieut SaruTcn fasliion, b sUk Land- 
BTchicf floatiog in the air. There is a feat, hnwefer, which does not 
■quire anj very ereat stren^h, but is sufficiently startling to eicite 
jncb surprise and some inqiurj — viz.,the oneofcnllingiuhalf abroom- 
■tick supported at the ends on tumblers of water witlmut spilling the 
r crackijig or otherwise dumagiug the glass supports. 




These and other feats arc jmrtl J explained bj reference to tioie: the 
I force is so quickhr applied a:id expended on the centre of the stick that 
it is not comninnicated to the supports ; just as a bnllct from a pistol 
jaa,j be sent through a pone of glass without shattering the whole sqaarc, 
Iml making a cleau hole through it, or a candle may be sent through u 
plaiik, 01 a caanou-ball pass throiLgh a half opened door without causing 
ittomovcon its hinges. But the success of the several feats depenifi 
in a great measure on the attention that is paid to the delivery of the 
1)lovB at the eenire qf pereuaaioK of tile weapon; this is a point in a 
moving body where the peccuaaiou is the graitest, and about which the 
impetus or force of all parts is h^ilauced on every aide. It may be better 
understood by ri'ference to our drawing below. Applyitig tills nrinciiile 
. to a model sword made of wood, cut m half in the centre of the bkde, 
■ud then united with an dhow 'joint, the handle beiug fixed to a board 
by a -wire passed through it and the two npright i)' — ' --•''— 



te apparent, and is well shown 



B of wood, the 
I, 3, 3, fig. ( 
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Fisr. 62. No. 1, is the wooden sword, with an elbow-joint at c. No. 8. Sword attadud to 
board at' k, and beinff allowed to fidl from any angle shown by dotted-line, it strita 
tiiie block, w, outside the centre of percussion, p, and as there is unequal motioa In tks 
parts of the sword it bends down (or, as it were, breaks) at the dbow-jouit, c. 

No. 3 displays the same model ; but here the blow has fidlen on the block, w, pcedsdtf 
at the centre of percussion of the sword, p, and the elbow-joint remains pei^ctly finn. 



When a blow is not delivered with a stick or sword at the centre of 
percussion, a peculiar jar, or what is familiarly spoken of as a sHMgUuf 
sensation, is apparent in the hand ; and the cause of this disagreeauB 
result is further elucidated by fig. 63, in which the post» a, correspoodl 
with the handle of the sword. 




All military men, and especially those joung gentleraea who are 
inteadcd for the ann;, shonla bear in mind this important truth during 
their aword-ptactice ; and with one of Mr. Wilkinson's swords, madt 
onlj of the very beat Bteel, they may conquer in a chance combat which 
might otherwise ha^e jiroved fata! ta them. To Mr. Wilirinson, of Pall 
MbJI, the eminent svord-oatler, is due the great merit of imprartng tho 

I quality of the steel employed in the manufacture of officers' aworda ; 

'l and with one of bis weapons, the author has repeatedly thrust through 
I iron plate about oue-eigiitb of an inch in thickness without injuring 
le point, and has also bent one nearly double without fracturing it, the 
J jrfect elasticity of the steel bringing the sword straight again. These, 
and other severe tests applied to WiBdnson's swords, show that there is 
no reason why an officer should not possess a weapon that will bear 
OOmparisoB with, naj, surpass, the far-famed Toledo weapon, instead of 
Bubmittine to mere army-tailor swords, which are often Ettle better thou 
hoops of feer barrels ; and, in dire comhat with Hindoo or Mussulman 
fanatics' Tnlwah, may show too late the folly of the o' 
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Ttii 
Ikvy, 

wonder of tho ila_T — riz^ a suiail bit of the metal pottusion , 
rlaimrd at oacc, ~ Hon brair it is," and vai gteatlj Borprig^ vbcn 
9ir Ilumphnr tlin'w tbr metal on vKter, to see it not only take be, 
but artu.illy Jlaat upoo tbe sucface: here, then, wis a philoa^Ki 
)K»ae3siuE the drcpc«t Ic.'kniiiu;, unable, bj the lenae c^ touch aid In 
ordioBiy liaudliu^, to state eoirrctk vbethcr ihe new rabstuoe (hh 
tiLit a metal), vaa hear; or light : hcuce it a apparnt that the mo- 
pertT of apecitic gravity is one of iwportanee, uia beins deriTcd mm 
llir Jjatin, means t/iffin, a particular »oit or kind; ana graeu, hean 
or veieht — i.e., the particular weight of erei; substance compared witi 
a lixea atamlard of water. 

U'e are so constantly in tbe habit of refenine to a standard of perftc- 
tinii in niusie and the arts of painting and scuTptuie, that the joimgnt 
will comprcheud Ihc olGce of water when told that it is the philoaopbg'i 
unit or starting-pomt for the estimation of the relatira wei^ita of solidi 
nnd liquids. A ^lOoA idea of the scope and meaning of the term spwifie 
Krnvily, a ncqnired by a few simple ciperiments, Uius ; if a cylindriol 





fif- KV 1. A \iaw* nHnilrlnil Tnwt Hinlilnlu wiit«r, in which tha «e rinla im I* 
"Mrr, fn nMrh thf tfg Kml' in •>>• ctnln— lii. Jut at tha [oint nhcn Ite tebie M* 



d; eiglitcea inclies long, and two mid a half wide, is filled with 
and uiotLer of iLe same size ia also filled, one half with water 
: other half with a saturated solution of comrnon salt, or what is 
d1; termed briae, & most atnusiog RompBrisun of the relative 
i of equal bulifa of water and brine, can be miidG with the help 
e^i whenoueof the e^ is placed iu the glass containing 
it immediatelj sinks to the bottom, showing that it has a greater 
: gravity than witcr; but when the other egg is phiced in the 
glass containing the brine, it sinlcs throagh the wntcr till it 
I the strong solution of salt, where it is suspended, and presents 
curious aod prctt; appeamace ; seemiag to flout likt! n hidloon in 
1 apparentlj EQspeudea upon nothing, it provokes the inqoirj, 
ler magnetism has anything to do with it f" The answer, of 
is in the negative, it merely 
a the centre, in obedience to 
imoQ principle, that all bodies 
others which are heavier than 
Ives ; the brine has, therefore, 
er weight than an eqoal bulk 
\r, and is also heavier than the 
L pleasing seque! to this expe- 
mav be shown by demonstrat- 
ir tlie brine is pkced in the 
ritbout niiiin^ with the water 
t; thisisdoneDyufling a gkss 
id fanne!, and after pouring 
ilf the water contamed in the 
Tig. 05), the ^ can be floated 
le bottom (o the pentrc of the 
J pouring the brine down the 
ud tube. The saturated solu- 
salt remains in the lower part 
'esael and displaces the water, 
loats upon its surface like oil 
IT, canying the eg^ with it. 
water of the Dead Sea is said 
lin about twentv-sis per cent. 
\e matter, wiiicli chiefly con- 

ad bright, and in consequence 
KKfi density, a person may 
ioet on its surface, like the I 
the brine, so that if a ship 
e beavilj laden whilst floating on the water of the Dead Sea, 
1 inoEt likely sink if transported to the Tliaoies. This illus- 
of specific gravilj is also shown by a model ship, wliich being 
•ted on the brine, will afterwards sink if conveyed to another 
tmtaining water. One of the tin model ships sold as a moguetic 




' fBS grkduallj lii 



tin aiuwm mcdT far tkts txymmmt, bvt it ntnst be irelgbted ot 
a^uslcd fo that ^it JDst fio«ts m the hniie, x ; then it will stnjf, trben 
pUcctl, in kaothrr «mp1 cwitniiiTC onlj vater. 




I 



Anotlwr nmnsing illustmtion of the same kind is displnjed with gold 
lUh, which Bwim easilj iii water, floaliug on briuc, but caiinot dive to 
the bottom of the vessel, owing to the ilensil; of the Eatumted solotion 
□f snlt. If the tisli nre tiikeii out immcdiatclv nfler the experiment, nnd 
plnoed in frrah water, thej will not bi: bnrt by conliict with the strong 
suit water. 

These exomples of the relntive weights of equnl bulks, enniile the 
^fonthful mind to gnup the more difficult problem of Raccrtainiug the 
specific gnivitj of any solid or liquid substanoe; and here the strict 
meaning of terms should not be passed by, Spteifie weight most not be 
confounded with Jbtohie weight ; tlie Utter menus the entire amuunt 
of ponderable matter in suj bodj ; tlius, tweuty-four cubic feet of sand 
weigh about one tou, whilst specific weight means the relelion that sub- 
sists hetwccn the aisoluU viiiiht and the volmse or space which that 
laeigAt occupies. Tims a cubic foot of water weighs sixty-two and a half 
pounds, or 1000 ounces aToirdupois, but changed to gold, the cubic 
I'nnt wciehfl more than half a ton, and would be equal to about 19,300 
c the relation between the cabic foot of water and that of 
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jold ia nearly as 1 to 19*3 ; the latter is therefore called the speciJio 
I jraTity of gold. 

Sndi a mode of taking the specilio gravity of different substances — 
*iz., by the weightof equal bulla, whether cubic feet or iiichea, could not 
be employed in consequence of the diSicaity of procuring eiact cubic 
hcbes or feet of the varioos substances which bj their peculiar proper- 
ties of brittlcuEss or hardness would present insuperable obstacles to any 
ittempt to fashion or shape them into exact volumes. It is therefore 
necessary to adopt the method first devised by Architnedcs, 600 B.C., 
when he discovered the admisture of anotlier metal with tbe gold of 
KioK Hiero's crown. 

This amosing story, ending in the discovery of a philosophical truth, 
may be thus described : — Kins Hiero gare out from the royal treasury a 
eertain quantity of gold, which he reqmred to be fashioned iQto a crown ; 
when, however, the emblem of power was prodaced by the goldsmith, 
it was not found deficient in weight, but bad that appearance which 
indicated to the monarch that a surreptitious luldition of some other 
: metal must have been made. 

f It may be assumed that King Hiero consulted his friend and philoso- 
[pher Archimedes, and he might nave said, " Tell me, Archimedes, without 
i pulling my crown to nieces, if it has been adulterated with anv other 
JloetBl 1" The philosopber asked time to solve the problem, and going 
[to take his accustomed bath, discovered then specially what he had never 
HJBrticttlarlj remiirked before — that, as he entered the vessel of water, 
lUe liquid rose on each side of him — that he, in fact, displaced a certain 
, quantity of liguid. Thus, supposing the bath to have been full of water, 
directly Archimedes stepped in, it would overflow. Let it be assumed 
!lliat the water displaced w.is collected, and weighed 90 pounds, whilst 
tbe philosopber had weighed, say 200 pounds. Now, the train of 
lessoning in his mind iliight be of this kind : — " My body displaces 90 
, pounds of water ; if I had an e\act cost of it in lead, the same dnli and 
pdoii o£ liquid isonld overflow ; but the weight of my body was, say 
300 pounds, the cast in lead 1000 pounds; these two sums divided by 
W would give very different results, and they would be tbe speciSc 
Sravities, because the rule is thus stated ; — ' Divide the gross weight by 
Ue loss of weight in water, the water displaced, and the quotient rives 
liie speciflc gravity.' " The rule is soon tested with the help of an 
firdinory pair of scides, and the eiperiment mode more interesting by 
taking a model crown of some metal, which may be nicely gUt and 
jbnmished by Messrs. Elkiiigton, the celebrated electro-platers of Bir- 
■ ' For ■ -- ■' ' ' ■ ' ' ' 



„ ^ , the pan of one scale is suspended by 

riiorter chains than the other, and should have a hook inserted in the 
' Huddle; upon this is placed the crown, supported by very thin copper 
' vire. For tbe sake of argument, let it be supposed that the crown weighs 
""' ounces avoirdupois, which are duly placed in the other scale-pan, 
without touching these weights, the crown ia now placed m a 
d of water. It might be supposed that directly the crown enters 
vftter, it would gaiu weight in consequence of being wetted. 




Ib- i<8. X. OrdlDVy pnlr of iciiliH. s. Scale^paii, conMiDlnr 17} DQUres, bFicE Uu 
ItMoriba grown in nil. c. Pui, ulth hwil: idd crowd itlacl^ whioh is aaiik is tlic 
W uodUIdoiI III t1ia voiAcI n ; this pun contidns tbo tvo onmjeB, wbicli muGt be plBOeii 
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of an iiT^nlar shaptv harii^ 



'*%nons csnties an ihe fwfatr, ttne wj be aonw difficult; m UliBg 
Uie speofic gratitj, u comufce of tbe adbesioD of air-MUei ,- but 
this mqr be obri^ed albs 
>rii&t i» freqnentlj naiih bd 
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! placing it in Ihc Tcssd at 
rwta, \ij wbioh tbe aefand specific gntvitj is to be takeu. 

The node of taking Ibe aped6e giatit; of liquids is Terr simple, and 
it aanSy perfbtmed i& the hbtvatafj bjmcans of a thin elobnlar boiUc 
(iiicb h^m enrtly 1000 niiu of pnre distiUed nater at &i° Fahrcuheit. 
A little counterpoise of lead is nude of the exact weight of (he dr; 
ejobnlar bottle, and the liquid under examinaliou is poured into tbn 
Bottle and np to the. graduated mark in the neck ; the bottle is then 
|dnced in one siaJe^pan, the counterpoise and the lOOO-graln weight in 
the other ; if the liquid (such »s oil of ritriol) is heavier than irator, 
then more weight vill be retfuircd — lii., S45 a'ains — nnd these figures 
added to the 1000 wonld iudioateat ouce that Uie specific graTity of oil 
of vitriol was l'S15 as compared with wnler, which is I'OOO. When the 
liqnid, such as alcohol, is hf^hter thnn water, the 1000-gnuo weight will 
be found too niucli, aiid gram weights must be added to the snmc scate- 
pan in which the bottle is slandmg, until the two nre CMictl; baUnccd. 
If ordinarj alcohol is being einmined, it will be found necessary to nlnec 
ISO grains nith the bottle, and these fl»iircs deducted from the 10(H> 

r'oB in the other scale-pnu, leave 890, which, marked with a dot befom 
first figure (lic '820;, indicates the specilic gmvity of itlcohal to be 
less than that of water. 

The difference in the griivities of yarious liquids is displsjcd ill a 
TBiy pleasing raaoner by an experiment devised by Professor Griffitha, 
to wbom diemical lecturers are especially indebted for some uf the most 
meniona and beautifal illustrations which have ever been devised, 
!lne experiment consists in the arrangement of five distinct liquids at 
varions densities and colours, the one resting on tlie otlier, and dis- 
tingiriahed not only by the optical liue of demarcnlion, but by little balls 
of wai, which are adjusted by Icmleo aliot inside, so as to siiJl through 
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et iifab, lad rest onlj upon 




o fbc Uui dsennwiit is 9 
wocDiii^ SOM pvte htigbt qoicksilTer, upon w^ 
inn Imllet (liibti^eided. or piiotcil of ut; oak»ir) is placed, orj 
tbose prettj gUn balb «luc^ ue sold in sndi qnuititieB at tliQ 
Fakce. 

Secondlj. Pot as macli vhite vitriol (sniphate of due) into 4 
pint of bcuing waier ts it will dissolve, anu, rben cold, poor O 
dear liquid, make up a ball of coloured ■m (saj i^), mi adjiut! 
I^acing liltle shot in^de, until it sinks in a sototion of aiil[dq 
CWper and floats on that of Uie white TitrioL n 

niirdlj. Make a solution of snlphale of copper is preciselj tM 
mumer, and adjust anolher vnx mU to ank in mata, aod float a 

Fotitlhlj. Some dear distilled water must be provided. ll 

Fiflhlj. A. tittle cochioeal is to be dissolved in some eommon i 

of wine (alcohol), and a ball of cork painted while provided. Z' 
Fiuall;. A long cjlindrieal glass, at least eighteen inches lu^ 

two and a half or three inches diamctrj'. must De made to lecenrfl 
five liquids, which a 
rnuged in their jiroptt 
of specific gravity wl 
of a long tube and ni 
The four balls— nj 
iron, the two wax, M 
eoik: halls, are allmil 
slide down the Im^ 
wliich is inclined Bt^ 
mid then, bj meana^ 
lube and funnel, poul 
- tiucture of cochioe^ 
all the balls will renj 
the bottom of theii 
The nater is pouredJ 
nest, and now the oM 
floats up on the watW 
marks the boundary | 
the alcohol and watelCI 
the solution of blue w 
when a wax bafl floatSi 
it. Thirdl;, the sotaH 

white vitriol, upon which the second was ball lakes its place ; and! 

the quicksilver is poured down tlie tuhe, and upon thia heavy mi 

fluid the iron or glass ball floats like a cork on water. \ 

The fcbc may now be carefully removed, pausing at each llqit 

thivt no mixture take place between them ; and the result is the an 

meut of five liquids, giving the appearance of a cjliadrioal ghiss pi 
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[ inth bands of crimsoi, bine, uidsilTEr; uidihe Uqiuds will sot 

I witli each other for man; daifs. 

[ A morepennaiieQt arraugeiDeDt can V denMtJ bj Tt^am Sqfnda wUcb 

L ^inve no amnit;, or niil not mix vitli each other — sndi u 

\ water, and torpentine. 

The specific nei^bt or irejg^ts of an eqoal measoie of ur and otiier 
:ases is determined on tlie same pnndple as liquids, althougb » difle- 
i rent apparHtns is reqoired. A. light capped glass globe, silk atop-coek, 
\ from bO to 100 mbic inches CApacitr, is wEizlied fiill of ai/, then 
Cstiansted b; an air-pnmp, and weighed empty, Uie loss being taken as 
the ireight of its Tolume uf air ; these %iues an: carefoll^ noted, 
^cause air instead of icater is the standard of compariaou foi aU giues. 
When the specific gratitj of an; other gas is to be taken, the glass 
globe is agnin exhausted, and screwed on to a g^ jar prosided with a 
proper stop-cock, in which the gas is contained ; and when perfect 
accuracj is required, the gns must be dried hj passing it over some 
Asbestos moistened with oU of ritriot, and contained la a^toi tube, and 
Uic gas JM shontd stand in a mercunat trough. (Fig. 70.) The stop- 
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Fig. TO. i-GlM globe to Kwtaiotbegu. s. Gu ju nudlnR In the mercnrisl 
MiBBti, D. c. Tube cantainlBg adxaUM moliteued wltb oil af Tltriol. 

cocks are gradimll; tttnied, imd the gas admitted to the exhiiusted globe 
fitim the gasjar; when full, the cooks iwe turned off, the globe unscrewed, 
uid again weighed, and bj the common rule of proportion, as the weight 
of the air first found is to the weight of the gas, so is unity (I'OOO, the 
iensitj ot air) to a nnmbcc which expresses the density of the gns 
R^nired. If osygen had'been the gas tned, the number would be I'lll, 
being the specific aravitr of tliat easeoiLS element. If chlorine, 2'470. 
' Cwfaooic Bcid, 1-500. Hydrogen being much loss than air, tho number 

nld only be 69, or dedmally OOGB. 

L very good approiimition to the correct specific gravity (particularly 
■e a number of trials have to be made with the some gas, anok fts 
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ordinvj coil gas) is obtained b; sospeadiog a light pn^r box, \rith bole^ 
At one end, on one ami of a biuance, and a oountEr[>oise on the othec-^ 
The box can be miuie caxefuUv, and should bace ii capacity equal to G 




hulfor quarter cubic foot ; it is suspended withtheholes downward, and is 
lilledbj blowing in the coaljPianntilit issues from the apertures, andcnn. 
be recognised bj the smell. The rule in this ease would bt equally simpler 
HS tlie known weight of the half iir (juitrter cubic foot of common ait is 
to the weight of the coal gas, so is I'OOO to the number required. 
(Kg- 71-) 

As an illustration of the different specific weights of the gases, n 
small balloon, containing a mixture oi hydrogen and air, maj be so 
Ri^usted that it will just sink in a taU glass shade inTerted and sup- 
ported on a pad made of n piece of oilcloth shaped round and bound 
with list. On passing in quickly a large quantity of carbonic acid, the 
little balloon wdl float on its anrface ; and if anotber balloon, containing 
only hydrogen, is held in the top jiart of the open shade, and a sheet (rf 
glass carefully slid over the open end, the density of the gases (althougU 
they are perfeetlj invisible) is perfectly indicated ; and, as a climax to 
the eiperiment, a third balloon can be filled with laughing gas, and 
may be placed in the glass shade, taking care that the one lulTof pure 
hydrogen does not escape ; the last balloon will sink to the bottom of the 
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which has been already meutioned as the standard of compari 
examined by this test the vapours of some of the compoonas c 
and hydro^n arc found to possess a remarkably nigh gn 
])roof of which, the vapour of ether may be adduced as an 
idthough it docs not consist only of the two elements mentic 
contains a certain quantity of oxygen. In a cylindrical tin v€ 
ivL'i high and one foot in diameter, place an ordinary liot-wai 
of course full of boiling water ; upon this warm surface pour a 
an ounce of the best etncr ; and, after waiting a few minutes 
whole is converted into vapour, take a syphon made of half-inc 
tube, and warm it by pouring through it a little hot water, tal 
to idlow the water to drain away from it before use. After pL 
syphon in the tin vessel, a light may be applied to the extremi 
long leg outside the tin vessel, to show that no ether is pass 
until the air is sucked out as with the water-svphon; and aftei 
been done, several warm glass vessels may be filled with tl 
vapour of ether, which bums on the application of flame. Fi 
remainder of the vapour may be burnt at the end of the syph 
demonstrating in tlie most satisfactory manner that the i 
ilowing through the svphon just as spirit is removed by the 
from tne casks into cellars of the public-houses. (Fig. 74.) 









_. MutainiDK tlie hot-water plate, b, upon which tl 
ng, 14, A:^Ttai_Jii"[» J^^^* to receive the vaoour. jj. CombuBtlon ol 






Before jJMMni^ftiiiy the le i yn^a ES vl'wx '1 RKisxCir cwxt ''.c, u ie 
is lamed bj the French mramU, ** Mjhct^ - ii'aifl.7 vt'iit -v-il v. b-usi*. 
tint astnRKmien have been ecafiffl '?t luzur *uut ^Knmrj -.if tji^ ^suiin, 
ndbyas tro uonucal obserrasaces^. ^'^ fa^n Vtrynn- ^xrzj uf lut ;uisufii 
Manging to ofur sclar stsmibi ; vsA h i± iissRSuisir v, *jUMn t 'lie "sie 
deuifcy of the phmec Teeos if uie ccI-t one i^or^iuiLiie ~uii*: cnrrr tf 
tfceenih:— 

TheEar^K 1 'XO 

The Sac i^i 

TheMoo^ -Tii 

Mercorr i'"Cy* 

Tdms' :-Crl7 

Mais ^^y'j 

Jotter if* 

Satozn '-.'4 



CHAFTEK TL 

^ pRTkras charters ozte kiod k£ vsia^.kjsk—rji.^ zixn* r£ zrvira^ 
^ lias been dwrafwrd aud ii»scr£jad in it ^r^u^ .riaT'iec. auid 
P^noifl^the eiaaunadcn <jf tiite hrras^iM:, vnirt, azxi r*aj f'jrwi of 
jgtut, the attnctioa o£ cubcsko Trili nen ejL!2v?t o-jj iru^eLrMWt- 
•uien is a p^'t^nKar sati^iMSicm ia puj^ui^ tut-i J::i>:b':u^''jL'j!i±, Iimskum; 
^*B7 step 15 attended br a reaKisa.bk proc<:: ri<ert i^ no pfjieur 
^J>t<aT m philosophic stiiaks ; tLe ziiztdit iiiXt budcitujT gujijed «x out 
^OBOtt vith that wiiich McaiA f[KS%;iidi.L mfiliuiJ : it ii ziCA cuxied avar 

Pciiiiaits^ tobeasamrodeiT brcnl^ Uick v^ ijut ixdOieriibJ trrujc lUECsk^ 

'^oftdckenesof ifaei&ost Indicnn^ ilud, iud:i as ikjw; Lotdr ex* 

P^ br IL Jobert de lA.Tnh«]lrj at lite A-cadeziij fjf Seiez««s «2 ^aiais. 

oh gentleman has uTnTHi«>kfd. the edCrcmUTT of iLe t^j.-ixitr'iappeTE br 

^cidj ftnppmg the suiekisg from tLe hetl i k 7<>uii2: sir] of fourueeaL 

^Tdneaii deoares ibat tLe lappin? is produc9&^ br {Le m\ii^^it.h of ii«e; 

U and knee acdng in ocmcext, am qi20K& iLe ca&e of a ladr esse 

^debated as a mednam, vLo Las tLe pcnrer of producan? tLt Hko^ 

ctrioQs and intercstin? nmsic vith tLe teiidoi:^ of ;Le iTiziL lLi& 

^isc is said to be loud extoag:L to be heard from one end of a long 

itMB to the other, and has often plajed a oonspicruoos jaait in iLe rere- 

htioDs msde br iLe medinm. jL Jules Ciocsquet ai^o eiplained iLe 

aethod br vhk^ the famoiis giri penduluiQ Lad so long abu&ed iLe cxe- 

ddiST of *the Pans public. Tids |irl, vLose !!>eif-stTl»i facoltr is thst 

cf fltnldi^ the hour at anv tijne of the daj or lagSt, vas aitended at 

the Hny*^ SL Loois bj'lL Clooquet, vLo states that the TihEalaoDS in 
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this case were produced by a rotatory motion in the lumbar regions 
the vertebral column. The sound of these (a la rattlesnake^ was s-- ' 
powerful, that they might be distinctly heard at a distance of twenty 
five feet. 

In studying the powers of nature, which the most sceptical min^ 
allows must exist, there is an abundant field for experiment withou 
attempting the exploits of Macbeth's witches, or the fanciful powers o^ 
Manfred ; and, returning to the theme of our present chapter, it may 
asked, how is cohesion defined? and the answer may be given, b 
directing attention to the three physical conditions of water, whici 
assumes the form of ice, water, or steam. 

In the Polar regions, and also in the Alpine and other mountain^^ 
where glaciers exist, there the traveller speaks of ice twenty, thirty, forty^^- 
. nay, three hundred feet in thickness. Here the withdrawal of a certai£9. 
(quantity of heat from the water evidently allows a new force to com^ 
into full play. We may call it what we like ; but cohesion, from the LatiiK- 
cum, together, and hareo, I stick or cleave, appears to be the best ancl. 
most rational term for this power which tends to make the atoms orr 
particles of the same kind of matter move towards each other, and to 

Erevent them being separated or moved asunder. That it is not merely^ 
ypothetical is shown oy the following experiments. 
If two pieces of Icaa are cast, and the ends nicely scraped, taking" 
care not to touch the surfaces with the fingers, thej may by simple 
pressure be made to cohere, and in that state of attraction may oe lifted 

from the table by the ring which is 
usually inserted for convenience in 
the upper piece of lead; they may be 
hung for some time from a proper 
support, and the lower bit of lead 
will not break away from tlie upper 
one ; they may even be suspendeo, as 
demonstrated by Morveau, m the va- 
cuum of an air-pump, to show that the 
cohesion is not mistaken for the pres- 
sure of the atmosphere, and no se- 
paration occurs. And when the union 
IS broken by physical force, it is sur- 
prising to notice the limited number 
of pomts, like pin points, where the 
cohesion has occurred; whilst the 
weight of the lump of lead upheld 
agamst the force of gravitation re- 
minds one forcibl^r of the attraction 
of a mass of soft iron by a powedfiil 
magnet, and leads the philosophic in- 
Fig.75. A A. Two pieces of lead, scraped quircr to speculate ou the principle 
clean at the 8urfecesBB.c. stand, sup- ^f cohesion being only some masked 

porting the two pieces of lead attached - - ,.o 4 ovfi*w «*a«o«.©u 

to each other by cohesion. lorm ot magnetic or electrical attrac- 

tion. (Fig. 75.) 








<lid onx the Itnrer one gndnaUr. to m to a 

Btj be lifWd ti^elliier, haaaae 'i iih liiw ha takn fkBC Tie. ».f 
, Aj^YessefisagoodeMWfteof [ I I llg mMffJaTrf »tet 
il u aompostil have bum sofi n^ linad *k(* adtad id tte fi^ mt tm 
Oe nmonl of the einas of kal ^ ^ keMe ^ md mU. m 
nuequnce of the ■ttnctire (bree of edniaB Infas Ae ^fMHM 
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tbeoJ 



iitto the oonditioD of dn$t, nd m hoc ^fdcN iaif tt 
potash and le&d voiiid iodieatf tkc {dm noe Ae 1^^^^ 
Mnnt gtaas vonid oUtervise staad. 

1 Itmip of lead, Ek indies Ing fajr fiar boad. ^d ha 
lliick, may be suppoitni hj * ' 



'>!& a proper plane, and after tmasK a 

(be planed simace of the lai^ fai^ of )ad, Ike « 
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tint the lalter may be lifted &0B1 tie lihle by tta *if •*■__ ^^^^ 

Hie ballets projected from FeifciB^ tam-mt, at Ik ndeiC^^^I 

iiodred per nunate. are thrown mth mA wAwt , it^ ahta MiriHtf 

on ft thick plate of lead becked op wilk ifac* MM, • «tU «<Mb( lifcM 

lUce between the two nir&ces of awlal m Oe ant fa§0Btmt^Kt, 

tvo son piecea of tlic aebl | iiliaii^ Mf K mmmmt Mi 

togellier. Hic &arfacea of MmietafaaHoaiff WMtiqif 

,bnt if ent witha sharp tm£t^ vAtmm ■Jt a— ; M 

produced bj a jagged Mt&c^ k n Maifctoitoa 
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heal, -wherru some of the most dopente sabrc-cuts hare been liealed, 
Ibe oohesiou of the surfaces of cat besh beine verv mnid ; hence, if the 
top of H Sagt^ 13 cut off, it maj be replacecC aou will grov, in oonse- 
qneoce of the natural cohesion of the parts. 

The nrt of plating copper with silver, vhicb is afterwards gilt, and 
then drawn ont into flattened wire for the mannfaoture of goIdlacB and 
epaulets, usu.'Ul; termed bullion, is another example of the wonderful 
cohesion of the particles of gold, of which a single ^ain may be e\- 
Icndrd over the finest plate wire measnring: 345 feet inlength. 

The process of TnAing n^ax candles is a good illnslratiou of the 
Rttraction of cohesion ; thej are not generally cast in monlds, as most 
persons suppose, but are made by the successive applications of melted 
wax arounu the central phuted wick. Other examples of oohestoti are 
shovm by icicles, and also stalngmiles ; which latter arc produced br the 
gradual dropping of water containing chalk (carbonate of lime) held in 
solution by the excess of carbonic acid gas ; the solvent gradually 
evaporates, and leaves a series of calcnreoos films, and these cohere m 
succession, producing the most fantastic fovms, as shown in various 
remarkable caverns, Fuid especially in the cnve of Arta, in the ishmd of 
U^orca. 

In metallic substances the cohesion oC the particles assumes an im- 
portant bearing in the qnestior. of relative tongbne 
resisting a strain ; hence the term cohesion is - ---■ "-^ 
property of "tenacity." 

The tenacity of the different metals is determined by ascertaining the 



weight required to break ^ 



i of the 



length and giuge. 




appears to possess the property of tenacity in the greatest, and lendii^J 
the least degvee. (Fig. 77.) M 



The tenaoitj of iron is takeu advantage of io the most scientifio 
BMnerby tlie great eugiueera who hare constructed the Britannia Tube, 
mil that eighth wonder of tlie world, the Leviathan, or Great Bra/era 
Jtram-ship. In both of these sublime embodiments of the genins and 
industrial skill of Great Britain the advantage of the cellular principle 
is fullj reoogniaed. The ma^itude of this colossal ship is better 
Ralited when it is remernbered that the Great Eastern is s!x times the 
of the Suie o/"?fs/iinj'^o»line-of-bnttle ship, that her length is more 
1 three times that of the heisht of the Monument, while in breadth 
it is eqoal to the width of Fall Mall, and that a promenade round the 
deck will afford a walk of more tban a quarter of a mile. Up to the 
'TCter-niark the hull is constructed with an inner and outer sheE, two 
fttt ten inches apart, each of three-quarter-inch plate ; and between 
ttera, »t inferrab of six feet, run horizontal wcba of iron plates, which 
t the nhoLe into a Beriea of continuous cells or iron boxes. (Tig. 7S.) 
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lliB double ship is useful in various ways; in the first place, the 
wcget arisins from collision is diminished, as it is supposed that the 
"Wer web only would be broken throngh or damaged ; so that the water 
tnM not then nisb into the steam-ship, but merely fill the space 
Ktween the shells. In the second place, il there shonldbe any difficulty 
111 procuring ballast, the space can be flUed with 3500 tons of water, or 
kun pomped out, according to the requirements of the vessel. The 
bength oi a continued cellular construction can he easily imagined, and 
«y be well illustrated by a thin sheet of common tin plate. If the ends 
I rested on blocks of wood, so as Id lap over the wood about onp inch, 
re easily displaced, and the mimic bridge broken down from itfi 
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sapportfl b; the odditioa to the centre of a few ounce weights; nhilit 
the same tin plate roiledupintbe fignreof a tube, and asain rested aulbc 
same blocks, will uow support mnnj pounds weiglit \rilhout IwDding or 
breaking down. (Fig. TO!) 




The deck of the ship is double or cellukr, after the plan of StephenBoa 
in the Britannia Tnbular Bridge, and is 69S feet in length. The ten- 
nage register is 1S,200 tons, and 33,500 tons builder's measiut; 
the hull of the Great Eastern is con 
tenacity, thnt, if it were aupiwrted bv n 
square, placed at each end, at stem and stem, it would not deflect, curie, 
or bend down in the middle more than lix iacltei even with alllier 
machiDety, coals, cargo, aud living freight. 

In adducing remarkable instances of flie adhesive power and tpnacitj ot 
inorganic matter, it maj not be alti^ther out of place to allude to the 
strength and force of liTing matter, or muscular power. It is stated tliat 
Dr. George B.Wiuship, of Ko\bury in America, a joung physician, twentj- 
five years old, and weighing 113 pounds, is the strongest man alive; u 
fact, quite the Samson of the nineteenth century. Uc can raise a barrel (i 
Hour from the floor to liis shoulders ; cau raise himself ivith either tiUU 
flneCT till his chin is half a foot above it; can raise 200 pounds vilii 
either little finger ; can put np a church bell of 141 pounds ; can lift wili 
Ills hands 93(1 pounds ucad wci^t mthont the aid of straps or belts oF 
any kind. As compared with Topham, the Comisb strong man, who 
could raise SOO pounds, or the £elgic one, his power is greater ; ud 
aa the use of straps and belts increases the power of liftmg' by about 
four times, it is staled that Winship could lift at least 3500 pounds 
weight. 

With these illustrations of cohesion we may return again to the ab- 
stmot consideration of this jiower with reference 1o water, iu which we 
hare noticed that the antagonist to this kind of attraction is the force or 

C'cr termed caloric or heat. The hitter influence removes the fcoien 
ds of winter and converts \\\<- k\- Ii> ilic next condition, water. In 
this state cohesion is aluin-i L'oiK'i^iliil, idihough there isjust aslight 
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tsi lo hold evea the particles of water in a state of tL_. ., _„_ 

I faot b bcaQtifullj Ulmtrated b<r tbc fonnatioD of the brillumt dia- 

id diopa of dew on the sorfacca of various leaves, B3 abo in the force 

power eietcised by great volumes of water, whicbexert tbeir m^ty 

.Jigtb in the shape of breaker-waves, H'Kliin g against locks and 

^tbuses, and nsakiag them tremble to Uieir vcr; base bj the violence 

jTlie shock ; here there mnst be some unity of particles, or the col- 

lective strength could not be tierted, it woula be Eke throning- a Land- 

fll of sand against a window — a certain amount of noise is produced, bat 

bglass is not fractured ; whilst the same sand aoited bj any glittinons 

ttterial, would break its waj tbrough, and soon fracture the brittle 

^, It IS so usud to see the particles of water easily separated, that it 

immes difficult to recognise the presence of cohesion ; but this bond of 

nioD is well illustrated m the experiment of the water hammer. The 

Utk instrument is generally made of a glass tube with a bulb at one 

nd ; in this bolb the water wliich it contains is boiled, and as tbe steam 

Hues from the other extremity, drawn out to a capillary tube, the open- 

Ig is closed by fusion with tbe heat of a blowpipe flame. A^ the 

cools the steam condenses, and a 

n, so far OS air is concerned, is 

odnced; it now the tube is suddenly 

tBtted, tbe whole of the water falls ea 

K, collectively, aud striking against 

bottom of the tube, produces a me- 

ic ring, just as it a piece of wood or 

jI were contained within the tube. 

llie end to which the vrater falls is 

weU cushioned by the palm of tbe 

i, the water hammers itself througli 

bredta away that part< of the glass 

1. Hence it is better to construct the 

a hammer of copper tube, about 

Re-quBrters of an inch in diameter and 

M &et long i at one end a female screw- 

Ke ia inserted, into which a stop-cock 

itted; when the tube is filled U> tlie 

riit of about six inches with water, and 

ken, the air divides the descending 

"" irae' of water, and the ordinary spiash- 

K)nnd ia heard ; there is no umty or 
ion of the parts; it, however, the 
1 of the copper tube is thrust into 
ce and the water hoilcd so that steam 
LB* from tilt cock, which is then closed, 
the tube removed and cooled, a smart pig_ go, ^_ ordinsTT gim. wattr 

W ia BJTen, and distmctlv heard when hammer, a. Corpor tube dlMo, 

»~4>r lute i. lajidl, myrled or EtShfS'S.Ti.ST." .'J 
to U to cause tbe water to rise thsead'olHpluiedliitbBBraMa. 
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and fall. Tlie experiment maj be rendeted still more iaatroctire by 
turning the cock and admitting the ur, wbtcli rushes in witb a wliizzins 
sound, and on shaking the tube the metalliD ring is no longer heard, 
but it nmv be again restored by attachiug a small air syringe or hauil 
pump, an3 removing the air by eshanstion. (Fig. SO.) 

In the fluid condition wat^r atill possesses a surplus of cohesion OTei 
the antagonistic force of heat ; when, however, the latter is applied in 
excess, then the quasi -struggle terminafes; the heat overpowers the 
cohesive attraction, and converts the water into the most willing slave 
which has ever lent itself to the caprices of man — viz., into steam — 
glorious, usefol steam : and now the other end of the clrnin is reached, 
where heat triumphs ; whilst in sohds, such as ice, cohesion is the cou- 
gueror, and the intermediate link is displayed in the fluid state of water. 
If any fact conld give an idea of the gigantic size of the Great Eastern, 
it is the force of the ateam which wUl be empbyed to move it at the 
rate of about eighteen miles perhour with a power estimated at the nominal 
rate of 2600 horses, but absolutely of at least 12,000 horsea. This 
steam power, conpled with the fact that she has been enormously 
atrengthened in her sharp, powerful bows, by laying down three complete 
iron decks forward, cstcnding from the bows backward for 120 feet, will 
demonstrate that m case of war the Oreat Easiem may prove to be a 
powerful auxiliary to the Govermnent. These decks will be occupied 
fay the crew of 300 or 400 men, and with this large increase of strength 
forward, the Great Easlern, steaming full power, could overtake and cnt 
in two the largest wooden linc^if-battle ship that ever floated. Should 
war unhappily spread to peaceful England, and the enormous power of 
this vessd be reahzcd, her name would not inappropriately be changed 
from the Great Eaatem to the Great Terror of the ocean. The Timei 
very properly iniiuires, " What fleet could stand in the way of- such a 
mass, weighing some 30,000 tons, and driven through the water bj 
12,000 horse-power, at the rate of twenty-two or twenty-three miles per 
hour. To prodnce the steam, 350 tons of coal per diem will be re- 
quired, and great will be the honourable pride of the projectors when thg 
see her fairly afloat, and ghding through the ocean to the Par West." 

A good and striking experiment, displaying the change from the 
liquid to the vapour state, is shown by tying a piece of sheet caoulchoue 
over a tin vessel containing an ounce or two of water. When this bofla, 
the india-rubber is distended, and breaks with a loud noise ; or in 
another illustration, by pouring some ether tlirongh a funnel carefaDy 
into a flask placed in a ring stand. If flame is applied to the orifice, 
no vapour issues that will ignite, provided the neck of the flask has not ■ 
been wetted with the ether. When, however, the heat of a spiiit-hunp 
is applied, the ether soon boils, and now on the application of a lighted 
taper, a flame some feet in length is produced, which is regulated bv the 
spiritJamp below, and when this is removed, the lenBth of the flame 
djmiiiishes unmediately, and is totally extmguished if the bottom of the 
Bflsk is plunged into cold water ; the withdrawal of the heat restores the 
power of cohesion. Another illustration of the vast power of steoo 
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villbetliortJj liisplsyed 

Iteo, "the new sCam am la pmre a ssecorfil 

specimens of modem men-ot-wir will be ledieed bf a 

lielplessiiess of cock bcnto. Canethe » wumIium biMK ■dbm^ ■ 

mia-chBimel, fire proof and ImU fmei, apalle of IvIbk bm^Hdci of 

IDDihot to a disUnceof sisiinlecjiir of i-hwiric fw Hf^» «t lir—rr 

and nmniiig down evnjtUi^ cm th£ Mt&n at t&e ick vilk a ■oMotaM 

utterly irresbtible. 

"This terrible engine of JntracliflB !■ rtpBCtrf tok itadf ■JuUm. 
tible. We ue told tkat de m^ be nd&d vitb ihat (wiiiiiMi^ mj 
(bat conld pierce her ddes), Hat de b^ hkre ho ataa of her ■torn 
Nt (opteeea, and be reduced iqipaicnt^ to a ibiptfcw wredt, wittoat 
'~ ' Der bnojsncj or povir. Sa|fMaiB^ Aat Ae idis aMn tfe 

. vi her impact lostcad of fi^tM bn 
•hewtmld sink a Une-of-baltle ship in tuee 
■ilirgeasourwboiefieetuowiitcoHKiiMiBWQvldtiedatnTCdi 
*^ hoor and a aiLvtcr." 



vi her impact lostcad of SAJag bn gBBi, it is cifcwirted tfai 
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^toni coheaion nmat not bi iiiinriiiiiiihd eilli Mill iif mIWim. Bhiib 

nflW in tti^ rlinoinp <n nr ■Itaartinw nf tvirUM rt ■ iK—iia^ t4»l Qe 

lileFrofeesorDuiielldeGDescofaciioatobe aaamaetka idkamogeaaom 
i,iri<, like, and Tf'nc, kind) or sninlH' paitides; iftwiw to be 

taetmnsuhsiatingbetwecnpartidearf " '"* " ^' 

"^ TWK, kind. 
Ibeiea 

BdlbesM of glue, oi paste, ia ^, , _ 

'iMiig -iriHi 'irirkn . it is abo «dl tbnni at llw ketm table by 

tf ajar of aealea, one (calfrfan of wUA being wdl doned witb alkali at 
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ij tba be Rated on the svibee of water w*""^ ■ 
adteskm between die water and tbe metd ia lO p ' ' 



be placed in tbe otber pan before ue adb 
ikage, if Ih^i^n be again placed on iIkw 
1 from tbe other, so as to w^ost tbe two nnn^ 
neari; equal, a drop of oil of tnrpentiiie beinp added, in- 
MbqfCMbitaelf over the water, and breakiog tbe adhewn betwcca 
bMBVMid the metal, tbe scsdcfan is inoneaSatdj and agaia broken 
Hb w Ik adhemim between tbe tvneatiBe aid tbe metal iinat » fcmt 
Mitaf waltt and uetaL 'Hie adbenm o( ur and water is well dia- 

^ ^ laxmtmeBded for Teatibting mines, in wiaA * 

_ Xeam of water carriea with it a qnantitr of air, 

■ diwi^miil. iithfnfnm-ilmit nf innTrrTT-mfrr Then 
Bedoa Dctmoi air and water 
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Spanisb Cutalan forge, where tbf 
is supplied to the iroa furnace on I 
Inr principle, only, a natural cfUMI 
taken advantage of iuatead of an a^ 
full of water through a pipe. ;l 
adhesion of air and vat 

of some Talue when #1 

flaws through a lar^ and crowdej 
because the water m its passagsj 
fro, mnst necc^arilj drag ynXti 
continuous column of air, aiii4 
1 maintaining that constant agiM 
:ie air which k desirable as a prM| 
to an; accumulation of nozin 
charged with fcetid odonra, ariraa 
mad hanis or from other cauaoq 
fact of adhesion, existing between 
; readily shown, by restil 
end of a long glass tube, of at Ua 
incb diameter, on a block of voc 
foot high. If water is allowed t 
down the tube, so as to leave a sni 
space of air above it, the adhe^ 
tn eeu the two ancient elements be 
apparent, directly a little SQioke<| 
duced near the top end of the gM 
resting on the bhick of woodl 
sioke which hiia a greater tenfl 
r '4C than to fall, is dragged don 

pl»3'; tube, and acconipaoies thn 

iBn»™ii,. as t Saws from tbe bjeher to tl 
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iriF«win(r do«n alr."'I,°^iUr'"'ot level 
nter, mppW bj baU-mi't, and kept 



ungbs or tubes t 

0^ tte'rtdeTof thfiTnbe/Md which water is caused to flow, 
down tlie sir in the centre, a The adhesion between & 

™.!,«"S1Si4;S! rap-ert, that il i. .b>oL,telj. 

T. TtuH !■ Bnoiber bull- to boU the mercury m the tnbcL 

t^"^ t^^a^ '^°^.,\^ l*st barometers : aad if this J 

UHeDdoftheripealwariidiM carefully attended to, the a 

inobM Into Ui& wUe- —-''-' ' ' .. ■ 



™ whiSt \ 



t between the glass and i 
dually ascends to, and i.. 
Torricellian vacuum at the top of the barometer tube, 
the mercury is boiled, the air will creep up in course of yoaa 
in order to prevent its passage between Lbe glass and quiok^ 
has been recommended, thai a platinum ring should be welded OBJ 
end of the gloss tube, because mercury has the power of wettifl| 
filming the metal pbtmum, and the two being ut close contact, w{ 
were, shut the only door bywhich tlieair could enter the baromi 




CHAPTER Tm. 

CAPtUABT iTES&cnox. 

This kiod of attractioD U tented capiHarj, in eowegaeiice of' tabes, ol 
t ralilire, or bore, as fine as Imr, attracting tad ntataing fliiidf. 

IF water is ooured into a glasa, the soi&ce smt fe*d, bat eappti 
>1 the edges, where the solid dass eierU its adbcHTC attnetioB lor tbe 
ti^, and (bsvrs it from llie level. If the f^aaa be tednctd h> a TC17 
iirmv tube, haviii^ a hair-like bore, the attnction is so great tbat tbe 
nier is retained m the tabe, coalnrj to tbe fbtee of gnntatton. 
Tm gueces of flat glass placed close ti^etber, and then opnied Hke a 
book, drav up vnter betvorn them, on the same priiMHple. A man of 
nit put oil a plate contaioiiig a little vatcr coloured with indigo dtq^^n 
tUtDnd of attraction most perfectlj, and tlie water is qaid:I;di^nEup, 
B diown br the blue coloui on the stk. A little solDtioD of t!^ amoHiaio- 
nlfdtate of copper imi^uts a ftner and more distinct bine coloar to the 
nit. A piece of di^ Hondiuaa mattoni^ one buii sqaare, placed in a 
iiDoer containing a little turpentine, is soon foond to be wet with the 
ulit the top, which ma; then b»sct on fire. 

Almost eveij kind of wood possesses capillaiy tabes, and will float, on 
KCountof these minuieTess^beine filled with air; if, however, the air is 
*ithdiawn, then the wood sinks, duabj boiling a ball made of beech wood 
» water, and then placing it under the racnum of an air pump in 
Hhra' cold water, it becomes so saturated with water that it will no 
•mger float. A remaikable instance of the same kind is mentioned bj 
Scuesbf, in which a boat was polled donn bj a whale to a great deptn 
n [he ocean, and after coming to the surface it nas found that the wood 
VHtld neither swim nor bam, the capillarj pores being entirel; lUled 
vith aalt water. 

A piece of ebonj aiaks in water on account of its dcnsit;, closeness, 
-id freedom from air. A gauge made of a piece of oak, with a bole 
liored in it of one inch diameter, accurate!; rcceivea a dryplog of willow 
Tood which will not enter tbe orifice after it is wetted. Millstones are 
^t bj inserting wedges of drj hard wood, which are afterwards wetted 
- ' swelled, and burst the stone asunder. One of the most curious 
» of eapilbrj attraction is shown in the currying of leather, a 
which IS intended to impart a softness and suppleness to tbe 
order that it may be rendered fit for the numufactnre of boots, 
._, machine bands, &c. The object of the currier is to fill the 
of the leather with oil, and as tbis cannot be done by merely 
' g the surface, he prepares the way for the oil by wetting the 
thoroughly with water, and whilst the skin is damp, oil is 
— and it is then exposed to the air; the water evaporates 
temperatures, but oil does not ; the consequence is that the 
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pOK» of the lofttLrr give op the water, whicli disappears in evaporation 
Uid tbo oil b;^ capillary attcacljon is tlicu drawn into the booj of VbOf 
loathet, the oil in fact takes the place vacated bj the water, and rendeA 
the mntorial very supple, and to a considerable extent waterproof. Hi^ 

taper making, the pores of this material, unless filled np or 6]ieA, cuat 
lio ink to blot or spread b; capillary attraction. The porosity of soils it 
one of tho great dcsideratums of toe skilful a^culturist, and dc^nagB< 
is intonded to remove (ho excess of water which would fill the porei ' 
thn cuili, to tlio exclusion of the more valuable dews and rams c 
TeyiuK nutritious matter derived from manures aud the atmosphere. 
A cano is an assemblage of small tubes, and if a piece of ^rant 
jnohes in length (cut off, of course, from the joints) be placed in a botUS" 
of iurponlioo, the oil is drawn up and may be burnt at the top ; it is ob; 
tills nrineiple that indestructible ivicka of asbestos, and wire gaii»' 
roUea round a centre core, arc used in spirit lamps. Oil, was, m^. 
tailow, all rise by capillary attraction in the wicks to the flame, whrai^ 
tbcT Hre boiled, converlea into gas, and burnt. 

The capillary attraction of skeins of cotton foe water was knows, 
ud nppcooiatcd by Ibo old alcbemists; aud Geber, oue of the moat. 
nncicDt of tliesc pioneers of science, and who lived about the seven^ "] 
ooTitury, describes a filter by which the liquid is se]>anited from the 
solid. This experiment is well displayed by putting a solution of 
aootato nf load into a glass, which is placed on the highest block of s 
series of three, artangedHs steps. Into this glass is placed the short end 
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of* sleinofbinp cotton, pceviooalj wetted with disfilled water; the Jon" 

end dipii mto another glass below, containing dilute sulpburle acid, and 

uUie solution of lead passes into it, a solid white precipitate of snlphate 

>f led is formed ; then another skein of wetted cotton is placed in 

iiiis glass, llie long end of which passes into the last glass, so that the 

clevliijnid is separated and the soUd left behind. (Fig. 82.) 

h thia filter the lamp cotton acts as a sjpbon through the capillaiy 

fMres which it forms. On the same princiiile, a prawn maj be washed 

u the most elegant manner (as Brst stiown oj the kte Duke of Susses), 

bj placing the tail, after pulling off tbe fan part, in a tumbler of water, 

ma allowing the head to nang over, when the water is drawn np bv 

' capillary attraction, and eontmues to ruii throngh the he*d, (Fig. 83.) 

The threads of which linen, ootton, and woollen Sotbs are made are small 

tords, and the shrinkage of such textile fabrics, is well known and 

usuall; inquired about, when a purchase is made; here agaiu capillary 

attraction is exerted, and the fabric contracts in the two directions of 

the warp and woof threads ; thns, twentj-seven jards of common Irish 

linen will permanently shrink to about twenty-six yards in cold water. 

in these cases the water is attracted into the fibres of the textile 

material, and causing them to swell, must necessarily shorten their 

length, just as a dry rope strained between two walls for the purpose of 

mpportiiig clothes, has been known to draw the books after being aud- 

dtaily wetted and shortened by a shower of rain. 

In order to tighten a bandage, it is only necessaty to wind the dry 
Imen round the limbs as close as possible, and then wet it with water, 
when the necessary shrinkage takes place. 

If a piece of dry cotton moth is tied over one end of a lamp glass, the 
other may be thrust into, or removed from the basin ofwater very easily, 
but when the cotton is wetted, the fibres contract and prevent air from 
entering, so that the glass retains water jnat aa if it were an ordinary 
gas jar closed with a glass stopper. 

A Spanish proverb, expressing contempt, says, "go to tbe well with 
a sieve," but even this seeming impossibility is surmounted by using a 
cylinder of wire gauze, which may be filled with water, and by means oE 
the capillary attraction _ 

between the meshes of 
the copper-wire gauze 
and the water, the whole 
is retained, and may be 
carefullv bfted from a 
liasiu of water ; the ex- 
periment only succeeds 
whea the air is com- 
detely driven oat of the 
interstices of the gauze, 
mi the little cylinder 
oompletelj- filled with^,,^,, 
water ; this may be done be 
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FecluiJl;, bj £rat wcttiug it with a^hol and fJien dipping the q 

A balloon, made oC cotton cbtb, cannat be inflated b^ means of i 
of bellows, but if the balloon is wetted with water, then it may be s^ 
out with air just as if it had been made of some air-tight mati 
henoe the principle of Tarnishing silk or filline the pares with boile 
when it is required in the mannJacture of balloons. 

Biscuit ware, porous tubes for voltaic batteries, alcarrazas, ovi 
coolers, arc all examples of the same principle. jj 

Whilst apeftking most fuvoursbj; of tbe benevolent Isbaars o^ 
gentlemen (beginning with Mr. Guriiey) who have erected " Dm 
Fountains" in London's dusty atmosphere and crowded streets, it 
not be forgotten that pious MoliuumedaDS have, in bygone times, al 
set lis tJLB example in this respect ; and in the palmy days of ma 
the Moorish cities, the thirsty citizen could always be re&eshed 
draught of coot water from tbe porous bottles provided and endov 
charitable Mussulmans, and phced in tbe public stieets. 





CRTfiTALLIZATlOK. 



It hsi been alrcadj stated that tte force of cohesion b!uds the similar 
particles cf substances together, whctlier t)iej he amorphous or shape- 
less, eryil/tUine or of a regular sjmnietricnl ajid matheiiiatical Cguie. 




The term crjstal was originally applied by the ancients to silica in the 
form of what is usually termed rooK crystal, or Brazilian pebble ; and 
they supposed it to be irater which had been solidified by a remarkable 
iatoiBity of coM, and could not be thawed by any ordinory or summer 
heat. Indeed, this idea of the oucicnts has been embodied (to a certain 
extent) in the shape of artilicial ice made by crystalliziug; large quan- 
tities of sulphate of soda, which was made as flat as possible, and upou 
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vtiicli skaters were invited to describe the figure of eight, at the nana) 
admittance fee, reprcseutin" twelve pence. A. crystal is now defined to 
be an iaormiiie body, whidi, by the operation of affinitj, has assumed 
tiie form of a regular solid tertnmated by a certab number of planes or 
smooth surfaces. 

Thousandsof minerals are discovered in the crystallized state — such as 
cubes of iron pyrites (aulphnret of iron) and of fluor spar (fluoride of 
caloium), whilst numerous saline bodies called stdts are sold only in the 
fonn of cmtala. Of these salta we have exceUeut examples in Epsom 
salts (sulphate of magnesia), nitre (nitrate of potash), alnin (sulphate of 
alumina), and potash ; the term salt being applied specially to all sub- 
stances composed of an acid and a base, as stso to other combinations 
of elements which may or may not take a crystalline form. Thlis, nitre 
is composed of nitric acid and potash; the first, even when much 
diluted, rapidly changes paper, dipped in tincture of litmus and stained 
blue, to a red colour, whilst potash shows its alkaline nature, by changmg 
paper, stained yellow with tincture of turmeric, to a reddish-brown. The 
latter paper is restored to its original yellow by dipping it into the 
dilute nitric a^id, wliilst the litmus paper regains its delicate blue colour 
by being passed into the alkaline solution. An acid and an alkali com- 
bine and form a neutral salt, such as nitre, which has no action whatever 
on Utraus or turmeric; whilst tie element iodine, which is not an acid, 
uiut«s witb the metallic element potassium, and therefore not an 
alkali, and forms a salt that crystallizes in cubes called iodide of 
potassium. Again, cane sn^ar, which is composed of charcoal, o!:ygeii, 
and hydroj^ea, crystalliiies la hard trauspareut four-sided and irrt^ar 
six-sided pnsms, but is not called a salt. Silica or sand is found crystal- 
lized most perfectly in nature in six-sided pyramids, but is not a salt ; 
it is an acid termed silicic-acid. Sand has no acid taste, because it is 
insolnble in water, but when melted in a crucible with an alkali, such as 
potash, it forms a salt called silicate of potash. Magnesia, from being 
insoluble, or nearly so, in water, is all but tasteless, and has barely an^ 
alkaline reaction, yet it is a very strong alkaline base ; 30'7 parts of )t 
neutralize as much sulphuric acid as 47 of potash. A salt is not always a 
oryst*llizable substance, and vice versa. The progress of our chemical 
knowledge has therefore dcmimded a wider extension and application of 
the term salt, and it is not now confined merely to a combination of ai 
acid and an alkali, but is conferred ercu on compounds consisting or'~ 
of sulphur and a metal, which are termed milpkur icUti. 

So also in combinations of chlorine, iodine, bromine, and fluo 
with metallic bodies, neither of which are acid or alkaline, the ti 
haloid salU has been applied by Berzelius, from the Greek (oXt^, si 
and tlbos form), because they are analogous in constitution, to sea sut; 
and the mention of sea salt again reminds us of the wide signification ti 
the term salt, originally confined to this substance, but now extended 
into four great orders, as defined by Turner : — 

OaDEB I. The ojy-»afts.— This order includes no salt the ttdd d 
base of which is not an oxidised body (es., nitrate of potash). 





CRYSTALLIZATION, 

Okbeb n. The hfdi-o~sttits. — This order inoludes no salt the acid or 

Msoofwhidi does not coEtain hjdrogEn (ei., chloride of ammomum). 

OujEE in. The tutphar >allt.~-'t\iw, order inciudea no aslt the 

eledro-poaitive or negatiTC ingredient of which is not a isiUpImret (es., 

ijdnisiilphQret of potassinm). 

Okdbk IV, The haloid lartj.— This order inchdes no salt the electro- 
positire or negative ingredient of which is not hnloidal. (Eia., iodide of 
polssainni and sea salt). To fix the ideaoE salt still better in the vouthful 
Diind, it should be remembered that alabaster, of which works of art are 
nnalracted, or marble, or lime-stone, or chalk, are all salts, because thcj 
Goosist of an acid and a base. 

In order to cause a substance to crystallize it is first neccssar; to 
endow the particles with freedom of motion. There are many methoda 
of doing this chemically or bj the apiilication of heat, but wo cannot by 
any mefliamcal process of concentration, compression, or division, per- 
suade a substance to crystallize, unless perhaps wc except that remark- 
able change in wrought or fibrous iron into crystalline or brittle iron, 
hj constant vibration, as in the axles of a carriage, or by attaching a 
piece of fibroas iron to a tilt hammer. 

If we powder some alum crystals fhej will not again assnme their 
oystailine form ; if brought in contact tbere is no freedom of motion. It 
ia like placing some globules of mercury on a plate. They have no 
Dover to create motion; their inertia keeps them separated oy certain 
distances, and they do not coalesce ; but incline the plate, give them 
motion, and bring them in contact, they soon unit« and iorm one 
globule. The particles of alum are not in close contact, and thej have 
no freedom of motion unless tbcy are dissolved in water, when they 
become invisible; the water by its chemical power destroys the 
mechanical a^^ation of the soiid alnm far beyond any operation of 
levigation. The solid alum has become liquid, like water; the particles 
ire now free to move without let or hindrance from friction. A boIoHod, 
(from the Latin soleo, to loosen) is obtained. The alum must indeed be 
reduced to minute particles, as they are alike invisible to the eye 
whether assisted by the microscope or not. No repose will cause the 
■lorn to separate ; the solvent power of the water opposes gravitation ; 
every part of the solution is equally impregnated with alum, and the 
partidea are diffused at equal distances through the water ; the heavy 
alum is actually drawn up agniust gravity by the water. 

How, then, IS the alum to be brought back again to the solid state ? 
The answer is simple enough. By evaporating away the excess of 
water, either by the application of heat or by long exposure to the 
attnosphere in a veij shallow veeael, the minute atoms of the dum are 
brougnt closer together, and ciystallization takes place. The assumption. 
of the solid state is indicated by the formation of a thin film (called a, 
ftUiele) of crystals, and is further and still more satisfactorily proved by 
tAkmff out a drop of the solution and placing it on a hit of glass, which 
lapidly becomes filled with crystals if the evaporation has been carried 
•nffimently far (Fis;, S7). 
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After CTtponting kw&j sufficient mter, the diati is pkced on one 
kide and allowed to cool, when cr^stali of the ntmost i^^lority of form 




t.MHli<«Mid»lii«Mllii«wlMh>norJii>!-: ^ 

■ImIM iHtiM hotium.— n)imli>a. «, £t*p> 
Mliw •nolL— KtaiMWIoa. >. Ihup on ftua,— 

an |)iM)ur(^, wil. iknotrd br a gtometiical teim, ara called octt^iednl 
omi^Midrd tTT»tat». wlion in Ilir utmost state of perfection (Fig, SS). 

TUi- sunwwe of mstallncrajihT b ti» elaborate to be dtscoased at 
IriiKth ill a work of llii« kind; tbe various temu connected vithcr^tals 
will iherrfi'n' 01)1; be e:Lpltuned. ani experiments given in illustration of 
the foniMiion <>f Twious errstals. 

Wkcu the apices — i.e., tlie tins or (loiuts of ervstaU — are cut o^ tbej 
an- mU to be tniiicat^ i and toe same change occuis on the edges tit 
utiuHMWia <TvMaU. 

If seme «i the sdt ealUd eliK>ride of Mlcium in the drr ai^ anoc- 
plitiufflateiaei^posei) (oiheair, it iocusb^irbsvaier, or what ia tamed 
Jt:i\iMtiVt; tile same ihiu; Ofwun wiih the cirstals of CHbonatB 
of poia»h, and if fimr ouuee* are weighed out in an er^xaatii^ ^ak, 
and (hen esLpo^eil for about half an hour to the air, a rerr peneptifab 
iuerrase in weight is ob^rrcd br the assiftanee of the scats sod gnm 
wt^Is. /Vuf-a<vtv*iv is a term from the Latin lUifaro, to md^ and 
a in £set • gradual meliii^. eauN^ bv the absorption of water ftoK 
the aiinc«pbeR^. The reverse of this is iUusiiaied viih vaiions iijililn 



le of this is illus 
»ueh a» tilauber's salt i^sulphaie i^f soda\ i 

(t.-nrb.>nale of soda^ : if a fine clear eirstal is taken out of the aa , 

called the mother U^uor, io which it has bees nrsialliud, wiped dij, 
and plaeni under a glass shade, this salt naf rcnaia for a laog pcriol 
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bonioic acid ; with the latter, a verj elegant imitation of snoW^ 
duoed, bj receiving the vapoux, on some sprigs of holly or otM 
green, or imitation papei^ 
drops and crocnsea, plaoM 
tasteful mamiEr Qnder_ 4 
Teasel. The beoToic aaii 
first be sublimed ov( 
or artiScial flowers ii 
wbieh ma; be removed n 
whole is cold, and a ciM 
shade substituted for it. (H 
Ail electro deposits m j 
are more or kss crjstitUini 
copper or silver may be da 
in a crystalline form by j 
a scraped stick, of phos^a 
a solution of solpnate of I 
: of nitrate of silver. Tin 
, lorus takes away the i 
irom the metal, or deoxi£[ 
Bohition, and the copper el 
TPappears in the metalw 
TJic surface of the pluH 
uAist not be scraped iitx 
but tinder water, when tba; 
, tion is perfectly safe. I 
b^nn. A singular and almoatJ 
scMpc. taneous crystalliiation g 
^gii^ produced by saturating 1 
water with Glauber's si 
which one ounce and a 1 
water will usually dissolve about two ounces ; having done thit 
the solution, whilst boiling hot, into clean oil flasks, or vials i 
kind, previously wanned in the oven, and immediately cork theoii 
strips of wetted bladder, over the orifices of the flasks or viols, i 
into the neck a small qaantity of olive oil, or close the neck * 
cork through which a thermometer tube has been passed. WhM 
no crystolliuttion occurs until atmospheric air is admitted; ana 
formerly believed that the pressure of the air effected this objeSi 
some 000 thought of the oil, and now the theory is modified, and t 
lixation is supposed to occur in consequence of the water diq 
■ome air which causes tbe deposit of a. minute crystal, and thW 
the turning point, the whole Becomes solid. However the fact i 
explained, it b certain that when the liquid refuses to crystalliaoi 
admission of air, the sohdification occurs directly a minute oij 
sulphate of soda, or Glauber's salt, is dropped into the vessel 

When the crystallization is accomplislied, the whole mass is I 
so completely solidified, tliat on inverting the vessel, not a drop d 
f^ out. 
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It D»7 be observed that the same mass of salt will answer taj 
mmiei of times the same purpose. All lliat is necessary to he done, is 
Id place the ml or flaak, m a saacepan of warm water, and graduollj 
niiGitto the boiling point till the salt is complelclj liquefied, when the 
Rssd must be corked and secured from the ujr as before. When the 
solidificatiou is prodnced much heat is generated, which is rendered 
qjparent bj means of a thermometer, or bj the insertion of a eoppcr 
vire into the pnstj mass of crjstal in the flask, and then tonehinc an 

utremel; thin shnvtng or cattiDE; of phosphorus, dried and plaeed on 

cotton wool Solidification in all cases produces heat. Liquefaction 

produces oold. 
laUasters's freezing apparatus certain tncasored quantities of crjstol- 

liied sal-aoimoniac, mtrc, aud nitrate of anunoaia, are placed in it 

metallic cylinder, sur- 

rannded with a small 

qoantitj of spring water 

contained in an outer 

Teasel. Directly the 

erjstalB are liqaefied by 

tlie addition of water, in- 
tense cold is produced, 

which freeses the water 

and forms an exact cast 

of the inner cylinder in 

ice, and this maj after- 
wards bo removed, bj 

pouring away the liqu&- 

Ged Bolts, and filling the 

inoercy Under, with water 

of the same temperature 

as the air, wlucb rapidly 

thawa the surrounding !^;^-^^Ci,-',rnioTt^"oa,l^tMi^«Jip<^ 

loe, and allows it to slip water, oc. Tlio ire lUpplngswiJ from tbs man ejllndra. 

off into any convenient 

veasd ready to receive it. (Tig. 90.) 

For an ingenious nietliod of obtaining large and perfect crystals of 
almoet any bob, cuperimentalists are indebted to Le Bianc. Hia method 
coiuista m first procuring small and perfect cryatala— aay, ootohedra of 
alum— and then placing them in a broad flat-bottomed pan, he pours 
over the crystala a quantity of saturated solution of alum, obtained 
by evaporating a solution of alum until a drop taken out crystallises on 
Goolkig. The positions of the crystals are dtered at least once a day 
with a glass rod, so that all the faces mav bo alternately exposed to the 
action of the solution, for the side oti wliieh the crystal rests, or is in 
conlut with the vessel, never receives any increment. The crystals 
will thus gradually grow or increase in size, and when they have done sc 
for some time, tlie best and most symmetrical, may be ^ 
|)liuied separately, in vessels containing some of tho s" 
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tolotios of olnin. toil being omatxnl]; tuacd they mar be 
•Imcwl tnj siie desired. 

UbImi the ajfUit an w otcd 
|1m4 in ooBMnmee of the tabitlicw <■ ue uoi mm ue vuer, an 
llw emtal b tftadced aad ^nobcd. 1U* iditti it But peic^tible o 
Uk edges ud angles of the costal; tber beconc blanted and gndiull 
loae their ihape utogetber. Bj thu method ctjitab ni&j be made I 
gT>?w b length or breadth — the former when th^ are placed upon the 
tidee, tlje latter if Uie;r h^ made to stand nmn that hues. 

On LeBlaIlC'^ principle, beaatifolcijsUu baskets ate made trith aluB 
HuJphftteofoopper, andbichromate of potash. The basiets are asoalJ 
made of eovmd copper wire, and irhcn the salts crj^bJlize on them as 
iiDcleua or centre, tfaev arc constant!; removed to &esh solntions, s 
that the whole is complcteU coTered, and red, wliite, and blue sparklin 
crjstal baskets formiKJ. "nxej trill retain their brilliaitc; for an; timi 
b; placing them under a glus shade, with a cup contabing a littl 

The sketch below affords aii eicellent illustration of some of Nature' 
remarkable concretions in the peculiar cohunnar structure of basalt. 




Xg^fl. TbtOiBii'iCiDssmr. 




CEEJOSTBT. 

Thekb is lianlly anv kmA of knowledge which baa been so aloiHj 
acqoiied as that of chcmistn, and perhaps no other science has offeied 
(Bch fasdnating rewards to the labour of its votaries as the pAiloiopifr't 
Moae, whidi was to produce an im failing sapplj of gold ; or the elixir 
«fli/if, that was to give tbe discoverer of tbe gold-making art the time, 
UiBinolonKed life, in which he might spend and enjo; it. 

Htrndieda of yeaxs ago £gvpt was the great depository of all learning, 
■it, and science, and it was to tlus ancient coontry that the most cele- 
hi^ed sages of antiquitj travelled. 

Hermes, or Mereorius Tiismi^istiu, the faTOurite minister of the 
SgT^an king Osiris, has been celebrated as the inventor of the art of 
■iebemj, twd the first treftlise upon it has been attributed to Zoajmus, 
U Cb/teaus or Fonopolifi, The Moon who conquered Spain were re- 



jnarkable for their lenruiiig, aud tlie taste and elcgQnce with ^bich thej 
designed and carried out a new stjle of arcliiteeture, with, its lovelj 
Arabesque oruomentation. They were likewise great followers ot the 
art of alchemy, wlieu they ceaseil to be conquerors, and became more 
reconciled to the arts of peace. Strange that such a people, thirsting 
as the; did in after years for all kinds of knowledge, should have 
destroyed, in the nersoDS of their auceatora, the itiost numerous collection 
of books lliat the world had ever seeo : tlie mafiiiEcent library of 
Alexandria, collected by the Ptolemies with great diligence and nt an 
enormous expense, was burned by the orders of Cahph Omnr; whilst it 
is stated that the alcltemical works bad been previously destroyed by 
Diocletian in the fourth century, lest the Egyptians should acquire by 
such means sufficient wealth to withstand the Koman power, for gola 
■was then, as it is now, "the sinews of war." 

Eastern historians relate the trouble and expense incurred by the suc' 
needing Calipha, who, resi^'ning the Saraceiuc barbarism of their an- 
cestors, were glad to collect from all parts tbe books which were to 
furnish forth a princely Jibrarv at Baadad. How the learned scholar 
sighs when he reads of seven Imudreathonsand books being consigned 
to tlie iguoniiniouB office of heating forty thousand baths in the capital 
of Egypt, and of the mamiiflcent AlExandrian Library, a mental fuel for 
the lamp of learning in euI ages, consumed in bath furnaces, and affording 
sis mouths" fuel for that purpose. The Ai-abians, however, made amends 
for these bacbiirons deeds in succeeding centuries, and when all Europe 
was laid waste under the iron rule of the Goths, they became the pro- 
tectors of philosophy and the promoters of its pursuits ; and thus we 
come to the seventli century, in which Qeber, an Arabian prince lived, and 
is stated to be tbe earliest of the true alchemists whose name has reached 
posterity. 

Withoot attempting to fill up the alchemical history of the intervening 
centuries, we leap forward six hundred years, and now find ourselves in 
imagination in England, with the learned friar, Hogcr Bacon, a native of 
Somersetshire, who Ured about the middle of the thirteenth ceotury ; and 
althongh the continnal study of alchemy had not yet produced the 
" stone," it bore fruit in other discoveries, and Eoger Bacon is said, 
with great appearance ot trutli, to have discovered gunpowder, for he 
says in one ol his works:— "From saltpetre and o/Aw ingredients we 
are able to form a fire which will bum to any distance;" and again 
alluding to its effects, " a small portion of matter, about the size of the 
thumb, properly dispmed, will make a tremendous sound and corusca- 
tion, by which cities and armies might be destroyed." The exag^rated 
style aeeras to have been a favourite one with all philoaopliors, from the 
time of Roger Bacon to that of Muschcnbroek of the University of Leyden, 
who aceidentally discovered the Leyden jar in the year 1746, and re- 
ceiving the first shock, from a viol containing a little water, into which 
a cork and nail had been fitted, states t!mt "he felt himself struck in 
his arms, shoulders, !Lud breast, so that he lost his breath, and was 
tico ilif^i before he recovered from the effects of the blow and the 



tonr;" adding, that " be would not take a ifcoiid abock for the lungdoin 
ofFnnce." Disr^ariling the numerous alchemical ereuti occurring 
from the time of Roger Bacon, we again advance four hundred Tean — • 
rii, lo the jear 1662, when, on the 15th of July, King Chai^eJ! IL 
psnted a rojal charter U> the Piiilosophieai Society of Oxford, who 
lUidtCQioved to London, under the oamcof the Ho<ral Society of liondau 
h: Promoting Natural Knowledge, aad in the year 1G65 vas published 
tie £rst namber of the PMlatophieal Tramacliant ; this work oontatnE 
tkBuecessire discoveries of Mayow, Halea, Bhick, Leslie, Cavendish, 
LaToiaer, Priestlej, Davy, Fwadaj ; and since the year 1S'G2 has beoi 
n^olarly published at the rate of one volume per aanom. With this 
prefice proceed we now to discuss some of the varied phenomena of 
eheioiciu attiactioD, or what is more correctly termed 

CHEMICAL AFFIX ITT. 

The above title refers to an endless series of changes brought about 
iij chemical combinations, all of which con be reduced to certain filed 
iiTS, and admit of a simple classification and amuigeniCDt. A mc- 
chuucal a^cgation, however well ammged, can be always distinguished 
from a chemical one. Thus, a erain of gunpowder consists of nilre, 
ffhicb can be washed away with boiling water, of tulpiur, which can be 
nibtimed and made to pass away as vapour, of ekara>al, which remains 
behind after the previous processes are complete; this miitare has 
keen perfected by a careful proportion of the respective ingredients, it 
\ii been wetted, and ground, and pressed, granulated, and finally 
dried; all these mecbanical processes have been so wc!l carried out 
that each grain, if analysed, would bo similar to the other ; and jet it 
ii, after m, only a mechanical aggregation, because the sulphur, the 
charcoal, and the nitre are onchanged. A grain of gunpowder mois- 
tened, crushed, and examined by a high microscopic power, would 
■ulicale the yellow particles of sulphur, the black parts of charcoal, 
vhilst the water filtered from the groin of powder and dried, would 
sbow the nitre by the form of the crystd. On the other hand, 
if some nitre is fused at a dull red lieat in a little crucible, and two 
or three grains of sulphur are added, they are rapidly oxidized, and 
Bombine with the potash, forming sulphate of putosb; and after this 
change a few grains of charcoal may be added in a similar manner, when 
Hot Dnm brigntly, and arc oxidized aod converted into carbonic acid, 
vhtcfa also unites in like manner with the potash, forming carbonate of 
pota^; so that when the fused nitre is cooled and a few particles 
Oainilied by tbc nucroscapc, the charcoal and sulphur are no longer 
distinguisbaUe, they have undergone a chemical combination with 
Bortions of the nitre, and have produced two new salts, perfectly dif- 
teeat in taste, gravity, and appearance from the original substances 
'tatplojed lo produce them. Uence cliemical combination is defined 
to De " iial properly which is ptuietsed by one or ptwe suhloaeti, 
tfvntiiy logelher and prodscim/ a third or ol/ier bod^ ptr/eclly dtf- 
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JiK»t ID its nature from either of the tw> or more generating the new 

To reliirn to our first experiment witb the gunpowder : take sulphur, 
place some in an iron ladle, neat it over agasflanie till it catches fire, then 
ascend a ladder, aiid poor it gently, from the greatest heiglit jou can 
reach, into a pail of warm water ; if this esperiment is performed in a 
dari>cDed room a magniSecnt and continuous stream of (ire is obtained, 
of a blue colonr, without a siuale break in its whole length, provided 
tiie ladle is gradooll^ inclined^ and emptied. The substance tlmt drops 
into the warm water is no longer jellow and hard, but is red, soft, and 
plastic ; it is still sulphur, though it has taken a new form, because that 
element is diinonihouB (&'c twice, and ^ap^ a form), and, Proteus-Sike, 
can assnine two forms. Take another ladle, and melt some nitre in it at 
a dull red heat, then add a small quantity of sulphur, which will bum as 
before; andnow, afterwiutinga few minutes, repeat the some experiment 
by pouring the liquid from the steps tlirough the air into water; observe 
it no longer flames, and the sul^tonce received into -the water is not 
red and soft and plastic, but b white, or nearly so, and rapidly dis- 
solves away in the water. The sulphur has united with the oxygen of 
the nitre and formed sulphiirio acid, which combines with the potash 
and forms sulphate of potash ; here, then, oxygen, sulphur, and potas- 
sium, luve nniled and formed a salt in nhicli the separate properties 
of the three bodies have completely disappeared ; to prove this, it is 
only neocssarj to dissolve the sulphate of potash in water, and after 
filterii^ the solution, or allowing it to settle, till it becomes quite clear 
and bright, some solution of baryta mar now be added, when, a white 
precipitate b thrown down, consisting of sulphate of baryta, which is in- 
soluble in nitric or other strong acids. The behavioiu' of a solution of 
snlphate of potash with a nitrate of baryta may now be contrasted with 
that of the elements it contains ; on the addition of sulphur to a solu- 
tion of nitrate of baryta no change whatever takes place, because the 
snlnhnr is perfectlv insoluble. If a stream of oxygen gas is passed from 
a bladder and jet through the some test, no eiTect is produced; the nitrate 
of baryta lias already acquired its full proportion of oxygen, and no 
further addition has any pDwer to change its nature; Gnally, if abit of 
the metal potassium Is pkced in the solution of nitrate of baryta it does 
not sink, being lighter than water, and it lakes fire ; but this is not in 
any way connected with the presence of the test, as the same thing will 
happen if another bit of the metal is iibced in water — it is the oxygen 
of the latter which unites rapidly with the potassium, and causes it to 
beoome so hot that the hydr<^u, escaping around the little red-hot 
globules, takes fire ; moreover, the fact of the combustion of the potas- 
sium imder such circumstances is another striking proof of the opposite 
qualities of the three elements — sulpliur, oijgeu, and potassium — as 
compared with the three chemically combined and forming sulphate of 
potash. The some kind of expeniuent may be repeated witli charcoal : 
if some powdered charcoal is mode red-hot, and then puffed into the air 
with a blowing machine, numbers of sparks are produced, and the char- 



tai bonis airay and forms carbonic ncid gna, a iiltle uh being left 
bdmut; but if some more nitre be Lcat«d in a kdlc, and charcoal 
•dJed, ■ brilliant deflagration {defiapro, to bum) occurs, and the charcoai, 
ntstead of passing away in the air as carbonic acid, is now retaintMJ in 
Ite ante, shape, but firmly and chemicallj united with the potash of the 
iiiti^ forming carbouatc of potash, or pcarl-osh, which ii not bbck and 
iiuolnble in water and acids like charcoal, but, is nliitc, and out onltr 
Hiluble in water, but is most rapidly attacked by scidj; with eSer- 
nweace, and the carbon escapes in the form of carbonic acid gas. Tliiu 
■e liave traced ont the distinction between mechanical ag^gation and 
cbanical affinity, taking for an example the difTercnce between gnu- 
j»»der as a whole (iu which the ingredients are bo nicely balanced that 
It is almost n chemical combination), and its coiistituenta, sulphur, 
dareoal, and nitre, when they are chemicallj combined ; or, in briefer 
Itngnage, wc have noticed the difference between the mecfaanicul mix- 
ture and some of the chemical combinations, of tliree important elementa. 
Our very slight and partial examination of three simple bodies does not, 
Werer, afford us any deep insigiit into tbe principles of chemistry ; we 
hate, as it were, only mastered the aigniScation of a few words in a lan- 
EBSgc; we might know that ehien was tlic French for dog, or chetial 
Aorse, or Jofliinf man ; but that knowledge would not be thcacguiBilion of 
tie French language, because wc must first know the ^pbabct, and 
t&en the combination of these letters into words ; we must also acqnirc 
a knowledge of the proper arrangcnient of these words into sentences, 
w grammar, both syntaT and prosody, before we con claim to be a 
frm;h scholar ^ so it is with chemistry — any number of isohited experi- 
ments with various chemical substances would be comparatively usdess, 
and therefore the "alphabet of chemistry," or "table of simple elc- 
nveots," mnst first be aconired. These bodies ore understood to be 
solids, fluids, and gases, wuich have hitherto defied the most elaborate 
means employed to reduce tbezn into more than one kind of matter. 
Xren pure light is separable inhi seven parts — viz., red, orange^ 
yellow, green, blue, indigo, and violet ; but the elementa we sliall 
HOW enumerate ore not of a compound, but, so far as we know, of an 
absolutely simple or single nature ; they represent the boundaries, not 
the finality, of the knowledge that may be acquired rcspecljng them. 

The elements are sixty-four in number, of which about forty are 
tolerably plentiful, and therefore common; whilst tbe remainder, twenty- 
four, are rare, and for that reason of a lesser utility : whenever 
Katnre employs an element on d grand scale it may certainly be called 
common, but it generally works for the common good of all, and fulfils 
the most important offices. 
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ComKniBg 






Kmne. Bjmbol. ^^"£^'^1" 




Wfrtght. 




Height 


1. Oiyecn . . = 8 

2. Hjdrogcu . H = 1 


- 8. Carbon . . C 


= 6 


9. Boron . . . B 


= 10-^ 


3. NitTogcn . . N = li 


10. Sulphur . . S 


= ]6 


4. Chlormo . . CI = 35-5 


11. Phoaphoma . P 


= 32 


6. lodme . . . I = 127a 


12. Silicon . . Si 


= 21-3 


6. Bromine . . Br = 80- 


13. Selenium . . Se 


= 39-B_ 


7. Fluoiine . . F = lS-9 




ii 


hlMetdU. 


m 


1. Aluminum . Al = 13-7 


27. Nickel. . . Ni 


= sdll 


3. Antimony . Sb = 129 


28. Noriuvt . . 




3. Arsenio . . As = 75 


29. Hiobmm . . Nb 




4. Bwium . , Ba = 68-5 


30. Omiam . . Oa 


= 99'6 


B. EUmuth . . Bi = 313 


31. Pktinum . . Pt 


= 987 




33. Potassium . K 


= 39'3 


7. Culciura . . Ca = 20 


33. Palladium . Pd 


= 53-3 


8. flrriB« . . Co = 47 


34. Petopiam . . Pe 

35. Khodium . . R 




9. Chromium . Cr = 2G-7 


= 53-3 


10. Cobalt ... Co = 29-5 


36. RkutheniRoi . Eu 


= S3'i 


11. Copper . . Cu = 31-7 


37. Silver . . . Ag 


= 108-1 


13. Domrium . . 


38. Sodium . . Na 


= 23 


13. Didgmium. . B 


39. Strontium . Sr 


= 43-8 


14. Erbium . . E 


40. Tin. . . . Sn 


= 59 


IB. Gold . . . Au = 107 


41. Tanlahm . . Ta 


= 184 


10. aliuiHUm . . Gl 


43. TelluHun . . Te 


= 64-3 


17. Iron ... Fe = 28 


43. Terbium . . Tb 




18. Ilm^ivm . . 11 


4*. Thorium . . Th 


= 59'6 


19. Iridiu« . . It = aa 


45. nimium . . Ti 


= 35 


30. Lead . . . Pb = 1037 


46. Tungsten . . W* 


= 95 


21. Lanthauhir. . La 


47. Uranium . . U 


= 60 


23. LithiuM . . Li = 6-5 


48. Vanadium . V 


= 68-6 


23. MflgneaiuDi . Mg = 13-3 


49. nirium . . Y 




!4. Munganesc . Mn = 27-6 


50. Zinc . . . Zn 


= 33-Q 


85. Mercury . . He = 100 


51. Zirconium . Zr 


= 22-4 


86. Molybdenum . Mo = 46 










A few words will suffice to eiplain tlie meaning of tho terms wMok 


head the munea, letters, and numbers of the Table of Elements. The 
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Mfflesof the elements hare very mfercsting deriTalions, which it is not 
™ ol^ect of l.his woit to go into; tlie srmbols are abbreviations, 
f^jifK of the Btmplest kind, to save time and troable in the frequent le- 
psblioB of long words, jost as the signs -t- plus, and — minus, are used 
U ligefaraie formulK. For instance — the ponstaot recurrence of water 
la coemipal combinations must be named, and would inrolve the most 
Wions repetition; water consists of oxygen and liTdrogen, and by taking 
He fitat letter of cacli word we have an instructive sTmbol, which not 
mIj gives us an abbreviated term for water, but also imports at once a 
wwledge of its compoaition bv the use of the letters, HO. 

^ain, to take a more comples example, sucb as would occur in the 
*^ of Ol^anic chembtr; — a sentence sucb as the kgdrated exid» of 
wrfiifc, is written at once by C^HjOp the figares referring to the number 
of equivalents of each element — viz., 4 equivalents of C, tbc symbol for 
oarfmn, 4 of H (iiydrogen), and S of O (osjgen). 

He lone word porauaphthaline, b. substance contained in cool tar, is 
daposed of at once with tbe avmbols and ligures CjoHij. 

The figures in the third commn are, however, tlie most interesting 
Id the precise and mathematicall; exact chemist. The; represent the 
muted labours of tbe most painstaking and learned chemists, and are 
the exact tjuautitics in which the various elements unite. To quote one 
example ; if 8 parts by weiglit of oxygen — viz., tlie combining proper, 
lions of that element — are united with 1 part by weight of hydrogen, also 
its combining number, the result will he 9 parts by weight of water; 
but if 8 parts of oxygen and 2 parts of hydrogen were used, one only of 
the latter could unite with the former, and the result would be the 
formation again of 9 parts of water, with an overplus of I equivalent of 
hydrogen. 

It is useless to multiply examples, and it is sufficient to know that 
with this table of numbers the figures of analysis are obtained. Sup- 
*"Bing a substance contained 27 parts of water, and the oxygen in 
is had to be determined, the rule of proportion would give it at once, 
« ; 27 ; : 8 -. 21. _parts of water are to a? parts as 8 of oxygen (the 
qnantity contained m 9 ]>arta of w^ter) are to the answer required — 
viz., 34 of oxygen. The names, symbols, and combining proportions 
being understood, we may uow proceed with the performance of many 
interesting 



As the permanent gases head the list, they will first engage 
attention, beginning with the element oxygen — Symbol O, coinbf 
I ^(^rtion %. There is nothing can give a better idea of the enon 
OoaotiH of oxygen present in the animal, vegetable, and mineral king- 
idoma, uan the statement that it represents one-liird of the weight of 
' tiie whole crust of the globe. Sibca, or flint, contains about half its 
»ei(^t of oxygen ; lime contains fori v per cent. ; alumina about thirtj- 
"ree percent. liithesesohstanoes tne clement oxjgeo remains inactive 
A powerless, chained by the strong fetters of chemical affinity to the 
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Bilicium of the flint, tlie calcium of the lime, and the alnminmn of the 
alumina. If tlicsc aubataiiccs arc heated b; themselves they will not 
jield up the large quantity of o\«gen tliey contain. 

Nature, however, is prodigal in her creation, and hence we have but 
to pursue our search diligently to And a substance or mineral containing 
an abundance of oxygen, and part of which it will relinquish by what 
used to be called by tne " old alchemists" the ioHure of heat. Sueh a 
mineral is the black oiide of manganese, or more correctly the btnoxide 
of manganese, which consists of one combining proportion of the metal 
manganese — viz., 37'6, and two of oxygen — viz., 8 x 2 ^ 16. If three 
proportions of the binoxide of manganese are heated to redness in on 
iron retort, thej yield one proportion (equal to 8) of oxygen, and ail 
that ha.1 just been explained by so many words ia comprehended in the 
fijmbols and flgurea below: — 

3 MnOj = Mn,0, + 0. 

Thus the 3 MnO, represent the three proportions of the bboxide of 
manganese before heat is applied, whilst the sign ^, the sign of equation 
(equal to), ie intenileii to show that the elements or compounds placed 
hejore it produce those which follme it ; hence the sequel MujO, -j- 
shows that another compound of the metal and oxygen is produced, 
whilst the + indicates the liberated osvgen gas. The iron retort 
employed to hold the mineral should he made of cast iron in preference 
to wrought iron, as the latter is very soon worn out by contact with 
oxygen at a red heat. A gun-barrel will answer the purpose for an 
esperimeat on the small scale, to vrhich must be adapted a cock and 
piece of pewter tubing. Such a make-shift arrangement may do veiy 
well when nothing better offers ; but as a question of expense, it is 
probably cheaper m the end to order of Messrs. Simpson and Maule, or 
of Messrs. Griffin, or of Messrs. Bolton, a cast-iron bottle, or c-ast-iron 
retortj as it is termed, of a size sufficient to prepare two gallons of 




pil)o™»illf-b> 



feen from the binoside of manganese, which, with four feet of iron, 
iducting-pipe, and connected to the bottle with a screw, does nob 
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(Wt more tban sii shillings — aa enormous dip, perhaps, in the juvenile 
podet, and therefore we shall indicate presently a still cheaper appo- 
raina fnr the same purpose. (Pig. B3.) 

The oxjgen is eonvejed to a aouare tin box provided with a shelf at 
ou end, perforated with several holes at least one inch in dlumeter, 
MBed the pneumalie trough; anj wooden troneh, butter or wash-tub, 
fwt-ptt or batli, provided with a shelf, may be raised by tlie same 
title to the difpity of a piece of chemical apparatus. Tlie gas jar must 
befillcd with water by witlidrawing the stopper and pressing it down 
iulo tbe trough, and when the neck is below tlie level of the water, the 
Hopper is again inserted, and the jar with tbe water therein contained 
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"vi.utlw level of tUem 

niju Rlth intel kept OTVT ttao ihelf b;r 



jifled jteadily onto the shelf,fheentryoE atmospheric air being prevented 
W keeping the lower part of the gaajar, called the welt, under the water. 
oometunes the pneumatic trough cootains so small a quantity of water 
Mutonraisiugthegasjartothe shelf the Lquid dues not caver the bottom, 
•nd the air rushes np in large bubbles. Under tliesc circumstances it 
^ better to provide a gallon stone jue full of water, so tliat wlien the 
jar is bein^ raised to the shelf it may De thrust into the trough (on the 
^june principle as the crow and the pitcher in the fable), and thus by its 
^ulk (as the stones in the pitcher) raise the water to tito projier level. 
When the gaajar is about half filled with gas the jug may be witlidrawn. 
Tbis arrangement saves the trouble of constantly adding aed hiding out 
"^ater from the pneumatic trough. (Fig. 94.) 

There are other solid oxygenued bodies in which the affinities arc less 

. Jwwerfiil, and hence a lower degree of heat sufEces to liberate tbe 

H Viigen gas, and one of the most useful in this respect is the salt termed 

wr vhloiate of potash. If the substance is heated by itself, the temperature 

\ Rqaircd to expel tbe oxygen is almost as high as that demanded for 

thehlaclc oxide of manganese ; but, strange to say, if the two substances 

are reduced to powder, and mixed in equal quantities hy weight, then a 

very moderate increase of heat is sufficient to cause the chlorate o( 
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potash to give up its oxygen, whilst the oiide of mftoftanesc ondei^ 
no change whatever. It eeeois to fulfil oiilj a mechanical ofEce— posaiblj 
that of separating each partide of chlorate of potash from the other, » 
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that the heat attaeks the substance in dct^l, iust as a solid square of 
infantry might repel almost any attack, whilst tlie same body dispersed 
OTer a larea space mijjht be ot Bttle use ; so with the chlorate of pobisti 
which undei^ea rapid decomposition when iniied with and dividei 
amongst the particles of the oxide of manganese ; less so with the vd 
oxide of iron, and still less with sand or bnck-dust. (Fig. 95.) 

Tliis curious fact is explained usually bj reference to what is called 
catalytic action, or deeomposilion by contaet (itnra, downwards, and Xv», I 
imloosen), being apimerpossessedby a body of reiohinff aaoiAeriitloaiim 



Tmpound tcilAoHl sudergoinij ang change itself. To make this term at_ 
dearer, we may notice another esample in linen rags, which maybe 
exposed for any length of time to the action of water without fear of 
eonTcrsion into sngar; if, however, oil of vitriol is first added to the 
linen rags, and they are subsequently digested at a proper temucratnre 
with water, then the rags are converted into sugar (the author nas seen 
a apeoimen made of an " old shirt") ; but, curious to relate, the oil of 
Titriol is unchanged m the proeesa.and if the process be eommencedwitha 

Sound of acid, the same quantity is discorerableat the end of the chemical 
ecomposition of the linen rags, and their conversion into sugar. 
If a Tnixtnre of egnal parts of oxide of manganese and chlorate of 
potash is placed in a clean Florence flask, with a cork, and pewter, or 
glass tube attached, great quantities of oxygen arc quickly liberated, on 
the application of the heat of a spirit lamp. Such a retort would cost 
about fourpence, and if the flask is brokeii in tlic operation it can be 
easily replaced bj another, value one penny, as the same cork and tube 
will generally smt a number ot these cheap glass vessels. Corks may 



PBEPABATIOX OP OXTOKS QAE. 91 

Anjt be softened bj using either a proper cork sqiieezcr, or hj placing 
dim under a piece of hoard or a flat surface, and roUing and pressing 
tbe cork till ^uite elastic. 

Whilst fittiiig the latter into the neck of a flask, it is jicrliaps safer 
to ha)d the thin and fragile Tessel in a cloth, so that if the flask breoka 
the chemicai experiment may not be arrested for many dajs bj the 
KTete catting and wounding of the ftngers. After the cork is fitted, it 
is to be removed from the flask and bored with a eork borer. This 
nieful tool is sold in camplele seta to suit all sizes of glass tubes, and 
Uie pewter or glass being inserted, the flask and tube will be ready for 
0«,proTided the tube is bent to the proper curve. This is easy enough 
to perform with the pewter, but not quite so easy with the glass tube, 
»bMh must be held over the fianie of a spirit lamp till soft, and then 
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bent Terr gradually to the proper curve. If a short length of the glass 
tube is heated, it bends too sharply, and the convexity of the glass is 
flattened, whilst the internal diameter of the tube is lessened, so that at 
least three inches in length should he warmed, and the heat must not 
be continued in one place only, but should be maintained in the direc- 
tion of the bend, the whole manipuhtion being conducted withoot any 
hnnj. (Fig, m.) 

Having filled a gas jar with oxygen, it may be removed from the 
pnemnatic trough by slidbg it ioto a pbte nuder the surface of the 
water, tud to prevent the stopper being thrust out accidentally from the 
jar by the upward pressure of the gaa, whilst a little compressed, duriDg 
the act of passing it into the plate, it is advisable to hold the stopper 
of the jar firmly out geutly, so that it cannot slip out of its place. A 
nnmber of jars of oxygen may be prepared and arranged in plates, all of 
vbicb of course must contain a little water, and enough to cover the 
welt of the jar. 




EXFEBIMESTS T 

This gas wm originjUly discovered by Priestley, in Angust, 1774. md 
was first obtuined bj heatiug red precipitate — i.e, tbe red oiidR of 
mercury. 

HgO=Hg + 0. 

., „ ^ .. . a aDil figures to be i 

philosopher with the aid of the table ot element! 

Tiiere are certain thin wai tapers like waied cord, called bougies, 
which can be bent to any shape, and are very convenient for experiments 
. with the gases. If one of these tapera la bent as 

^^^^ in Pig. Of, tiien lighted and aUowed to bum for 

■yi "jy some minutes, a £ng snuff is graduaUy formed, 

l|h " \ which remains in a state of i^itionwhen the flame 

*^ of the taper is blown out. On pinning this into 

a kr of osygen, it instantly re-ligbt^s with a sort 
of report, and buma with greally-inereased hril- 
liancy, as described hy Dr. Priestley in his first 
experiment with this gM, and so elegantly repeated 
by Professor Brmide id hia refined dissertation on 
the progress of chemical science. 

" llie Ist of August, 1774, is a red4etler day in 
the annals of chemical philosophy, for it was then 
that Dr. Priestley discovered dephlogisticated air. 
Some, sporting iu the sunahiue of rbetoric, hiiTe 
called this the birthday of pneumatic chemistry; 
Tig. 97. but it was even a more marked and nicmorBble 
period; it was then (to pursue tlie metRphor) that 
this branch of science, having eked ont a aickly and intimi infancy in 
the ill.managed nursery ot the early chemists, began to display symp- 
toms of an improving constitution, and to ciliibit tbc most nopefnl 
and .-j'..-... . rr. ■ ... .fM._ ,.__. ■ — . 



The first experiment, 
nclnded as follows :— 
A glass jar was filled with quicksilver, and inserted in a basiu of the 
sauie; some red precipitate of quicksilver was then introduced, and 
fioated upon the quicksilver in the jar ; lieat was applied to it in this 
situation with a hurning-lens, and to use Priestley's own words, ijire- 
seiilly Jannd that air leat expelled from it very readily. Hating g<A 
about three or four iiaes a* luuci a» the bxlk of my maieriah, X ad- 
titled tenter into it, and f amid that it was not imbibed by it. But 
tehal stirprited me more than I eaa teell eipress mii, that a eandlt 
burned i« (kia air mitk a renarkably rigorom Jlame, tery much like that 
enlarged fiame Ktlh tehieh a candle bvriu in nilroui air exposed to irfM 
or lime of rulphur {i.e., Uugbing gas) ; but ta I had got Holhiag Uka 
iiii remarkable appearaaee from any kind of air beiidee this peeuUar 



m«difieation ef nilrem air, gai 
J ktiete no nitrous arid ■>«( toed 
M the preparatioit of meraaimi 
ealetMotiu, I teat mti^Sf at m km 
hate to aceonntfor it." ^^ 98.) 

Second Erperimnd, 

TLe tenn oijgen is AsnTeA 
rom the Greek (ufvcr, acid, lad 
, I give 



^yg 



OtbJEC 



'b; Troisier, trbo also dainied \ 

ill discoverr ; and if this bmonc 
is deoied lum, surdj be has de- 
aetredfquatecientifie ^ujinUi 
muloiv experiiuente, duondi ■ 
which be discoTeied tint uie 
ndxtiire of forty-t 
mewnre of aioie, will 
oODpaaiid precbei; 
QijgcD was fonnded 




,h e^b pyia Vy y-"— ' 



Place some sulphur 
ittsdied to a niic, aj; ^ 

ipixw, passeti lliroug^ a rtnmd piue <tf b 
CR- bnu plate and ooi^ mi HM (he laBo- 
aett IS an adjnitiug anvasaaoA h> fa llu 
wire at auv poinl required. Tie eoalnu- 
lion <^ the sulphur, prerioosl; feeble, niTT 
mmiKS a remarkable inteosilr, and a pcco- 
liir coloQFBd light is geneialed, vhilsl Uic 
n^ur aniies witli thk oxygen, and Sana* 
aajphnrong add gas. It prodneei^ ni bet, 
the same gas irhich is iarwei by t-"*--^ aa 
sulphur match. Tbii eonquond k 
— liiiufectsnt, and ii • Tery iai- 
in^ ageut, being nOft eiia- 
d in the viiiuiuBg of nrMr 
e manufacture of etnw bon- 
Rcid gas, as Latoiaer foond, 
ttia property may be detected by pour- 
a little tracture of litmus into the bot- J 
of the plate in which the gas jar fttasds. i 
blue colour of tbe litmas is rapidly 

to red, and it might be thouebt that no further ar^^ment 

liblj be required to prore lliat osjgen iras tit acidifying 

particuWly as tbe result is t besunc inthe next iUuattation. 






boy's platbooe t 



Third Experiment. 

Cut 8 small piece from an ordinary atict of plioapliorus under 
water, take care to drf it properly witU a cloth, and alter pkcins; it 
in a deflagrating spoon, remove the stopper from tlie gaa-jar, as there 
is no tear of the osjgen rushing awaj, oecaase it is somewhat heavier 
than atmospheric air; and then, after placing the spoon nith the phos- 
phorus in the neck of the jar, apply u heated nire and pass the spoon 
at once into the middle of the oijgea ; in a few seconds a most 
brilliant light is obtained, and the jar is filled with a white smoks; 
aa this aufeides, being phosphoric acid, and perfectly soluble in water, 
the same Utmus test may be applied, when it is in like manner 
changed to red. The acid obtained is one of the most imjiortant con- 
stituents ofbonc. 

FOtirth Experiment. 

A bit of bark-charcoal bound roand with wire is set on fire either 
by holding it io the flame of a spirit-lamp, or by attaching a small piece 
of waxed cotton to the lower part, and igniting tins ; the charcoai maj then 
be inserted into a bottle of oxygen, when the most briUiant scintilla- 
tions occur. After the combustion has ceased and the whole is cool, 
a little tincture of litmus nay also be poured in and shaken aboat, 
when it likewise turns red, ptoriug for tlie third time the generatioa 
of an acid body, called carbonic acid — an acid, like tho others already 
meotioned, of great value, and one which Nature employs on a stu- 
pendous scale as a means of proriding plants, &o., with solid char- 
coal. Carbonic acid, a virulent poison to animal life, is, when properly 
diluted, and as contained in atmospheric air, one of the chief alimen- 
tary bodies required by growiuR and healthy plants. 

ti three esperiments acid bodies have been obtdned; can we specu- 
late ou the result of the nest ? 

Fifth Experiment. 

Into a deflagrating spoon place a bit of pot.assium, set this on fire 
by holding it in the spoon in the flame of a spirit-lamp, and then rapidly 
plnnge the burning metal into a bottle of oxygen, A brilliant ignition 
occurs in the deflagrating spoon for a few seconds, and there is little or no 
smoke in tho jar. The product this time is a solid, called potash, 
and if this be dissolved in water and filtered, it is found to be clear 
and bright, and now on the addition of a little tincture of litmus to 
one baft of the solution, it is wholly unaffected, and remains blue; 
but if with the other half a small quantity of tincture of turmeric is 
mixed, it immediately changes from a bright yellow solution to a 
reddish-brown, because turmeric is one of the tents for an alkali; and 
thus is . ascertained by the help of this and other tests that the result 
of the conibnstion is not an acid, but an atkati. The experiment 
is made still more satisfactory by burning another hit of potassium 
in osygen and dissolving the product iu water, and if any portion of 




KXPERIMEirrS WITH OZYOEK ( 



derived from the Biilphnrons, pliOBpboric, &nd car- 

from Ihe previous eipenments, be added lo separate 

alkaline solntion, ther are all restored to their original blue 

_, . . . .an 3cid is neutralizea b; an alkali ; and the experiment is 

le qoite conclusive bv the restoration of the reddeued turmeric to a 

;ht yellow on the ailditiou of a solatioti of either of the three acids 

adj named. Moreover, an acid need not coataia a fraction of 

nygen, as there is a BameraRs class of ^j'dracids, in n-ludi the acidi- 

ffin^ ptinciple is hydrogen instead of oxygen, each at> the hydrochloric, 

■jdnodit^ hjdro-broTnic, and hjdroflnoric acids. 

Sixt/i Experiment. 
A piece of watch-sprine is softened at one end, bj holding it in the 
lame of a spirit-lamp, ana allowing it to coot. A bit of vaied cotton 
ii then bound rousd the softened end, and after being set on fire, is 
llmced into a gas jar containing oxygen ; the cotton first bums away, 
■nd tnen the heat commnnicates to the steel, which gradually takes &rc, 
tod being once well ignited, continues to bum with amazing-rapidity, form. 
itfdntps of liquid dross, wliich fall to the bottonj of Ibe plate — and also 
areddiih stnoke, which condenses on the sides of the jar; neither the 
dusswhich has dropped into the plate, Dor the reddish matter condensed 
mlllejar, will affect either tinctoie of litmus or tnrmeric; they are 
■either odd nor alkaline, but neutral compounds uf iron, called the 
•esinioiide cf iron (Fe-Oj), and the magnetic oside (rep,=FeO. 

Seeeaih Experiment. 

Some oxygen gas contained in a bladder prorideii with a proper 

jet inaj be squeezed oul, and upon, some liqnid phosphorus con- 




He. m>. 1. Bladder cont(liiIi« oiynu, prmidc^ w 
^ n Hdat glui comainlD^ boiling vraif r. G, The OD 



itofMWck ind Irt Indinj 



tained iu a cup at the bottom of a finger glass full of boiling water, 
tlum ■ most brilliant combustion occurs, proTing that so long as tlie 
Iniiciple is complied with — viz., that of fnnmliing oxyetn to a com- 
mtlble substance — it will bum under water, provided it is insoluble, 
■d possesses the remarkable affinitr for oxygen which belongs to 
bea^oTus. The experiment should ^ pErfoniied with boiUa^ water, 
t keep the phosphoms in the liquid state ; aud it is quite as well to bold 
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K square foot of wire gauze over the finger glass wliilst tiie eip 
is being iierformEd. (Tig. 100.) 

Eiffhlh ExperiiaeiU. l 

Oiygen is avmliible from many substances when they are min 
combustible luhstanccj and licncc the hrilliunt t^ficcta prodt 
bnniing a mixture of lutre meal ponder, snlptitir, and iron ^ 
fihugs the metal hums witb great bnllumc;. Bud is pToiected fl 
case in most beaut ful sparks whicli are long and needle-shafi 
steel, and iq the fon i of mimatuTe rosettes with irou filings ; 4 
oiTgen from the nitre tliat causes the combustion of the msl 
Dther mgredients only accelerate the heat and rate of ignitiodi 
bnlliant Hon, which is osuallj termed a gerb. ]| 

^^~- N ; 

Ninth Erpenment. I 

A mixture of nitrate of potash, Da 
charcoal, sulphur, and nitrate of Btn 
dnien into a strong paper case aba 
inches long and well closed at the d 
lamish being quite waterproof, majU 
fire and mil continue to bum iindd 
imtii the whole is cousumeii; the ooljj 
tion Decesearv bein|^ to bum the eaaa 
from the case with the mouth downwi 
if the expenraent b tried in a deep glM 
hfla a very pleasing effect. (Fig, 101.) j 
The led hre composition is made bf 
nitrate of strontia 40 parts by weight, j 
of sulphur 13 parts, ciilorate of potash I 
silphuret of antimony 4 parts. Theat 
dients must first be well powdered sepi 
and tl en mixed carefully on a sheet ti 
with a paper koife. They are liable to i 

if rubbed Ugelher in a mortar, on aool 

CiMofredflre ^^^ presence of siUphur andchloraterfj 
and the composition, if kept for any i 
Imble to tal^e fire spontaneously. y 

Tenth Sxperimeat. ] 

Some line k melted in an iron ladle, and mode quite red h(t 
little dry nitre is thrown upon the surface, and genUy stirred & 
metal, it takes fire with the production of an intense white ligh^ 
lai^ quantities of white flalies asceml, and again descend wlU 
beinK the oside of zinc, and called by the alchemists the " Philoli 
Wool" (ZnO), In this experiment the oxygen from the nitrftl 
the oxidation of the metal zinc. 




Brm/i Etferimmt. 

A mixtare ot four poirnds of nitje with two ti aa]fiaa tad one and 
It hilf of lamp black jModoeea ■ Most beaatifei aad CBnoiis Sre, edB- 
timull; projected into the air u tpaAs banw the ainpe of tfce nivd 
!■[ ft spar, uid one that maj be bant witk perfect h' '" 
Uk ^«rks consume avav so njudlj, ii 

— idition of the charcoal, lial tbev n__. 

UieluiDdvilJioalbaniiiietbein. Tbcdifficohjreo 
—Diplete miitore of tlie charcoal. The oilier 
'tnt be thorousliiv powder^ sepanl^lr, and a 
■iied, and finaUy tiie charcoal most be mbiwd m careiuij, mi uw 
Vhole is of a imifonii tint of gnr and vny aead; Waft, ud «■ tie 
auilure [iroceedU portions most fae mnmed iolo a papa eai^ aod Mt 
m Eic; if the sUts or pinks come oat in doxten, and ffinal «dl 
'■'■■•■" wbS isw" 



Vithoul oth^ and duller sparks, it is a sisn that tbe i 
Biied; but if the sparks arc *c 

jidetl oat sloggishlj, and take s 



«■> healed red hot ii 
Vlien coLi and pondered. 



nbbiwiii the mortar must be continoed; and eroi that must not be 

Wrief too fai, or the sparks viU be loo MnalL N.B. — If the lamp-hlM^ 

il, it would probably answer better 

Tteflflh Ijperiaat. 
Into a tall gas jar with a wide neck pnject aorae red-hot lamp-hlKk 
Ihtogli a tin funnel, when a most brilliaiit fiame-like fire is obtained, 
Coring that finclj dirided ebarconl with pure oi:jgeii woold be mf* 
idcnt to afford ught ; but as the atoiospberc consista of oiTgen 
finted with oilrc^n, componiuls of diarcoal with hjdrog^ are tbe 
r paper bodies to bum, to prodoce aitifitnat ligbt. 

Siirleenlk Eti/frimeiit. Tie Siidt /"t 

Ligkt. -^ 

This prettj light is obtained bj pass 
Bga stead; conent of oi;g»i pas (es- 

r' ig at a very low pressure) througii 
up the centre pipe of an argand oil 
knji, which must be supplied with a 
kj^ycaiboniied oil and a verr Uitck 
.«ick, as the oijgen has a tendcocr to 
jhnrn awar the cotton unless the oil b 
;ml] sDD^ied, and allowed to overflow 

tte wick, as it does in the lamps of ibe 

^tthouses. The best whale oEl is J . 

f' "y employed, though it would be ^ 
while to test the Talue of Rice's J9- \ 2 ' ^ 
Dontine Oil" for the same pur- 



I 
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r . itrifXiiti Er p er im taL Jt Red ligU. 

Cear :(i: 'Uir :ii tiicr:a2!LT rnm. cibe Bode BgliK appanhis ; or, what 
i:^ SfET^r. hiiv; rr^: lamps, ^roe :>:r ci!, azid tae oiher tor spirit ; fill the 
ircanTLs virii i scludjca cc :iisru« cf sanuitii and chlorine of calchinL 
i£ 57ir.:5 oc viiLe. nut !m ::: ban. &cixl lite conon in the same waj as 
uw *cil» lid *;irDiT IT wjca ciTiea zasw 

Dissclv? Vncic ftriii uid ^:race cf barrta in s{iints of wine^ and 
rc> :!ie isivit' liaip wiii us sclutxc 



St: 



OiLTf-.^'Stf.l 



»f. JLIWm'UM. 



P»:Si5c2T« vVC2t>:it sal? is ^irts^ cf vize, aad bom it as ahneadj de- 



"Ks- verr (.vAT^itjecL: 'isas b cccaovd 3 a siaqde manner, eiflier \y 
Mxsx ^ yi vr£ OAT*^ lis'a Scvtidp to pivject the flame of a nunt 
■i*"":; ca Vo 1 bjC oc 'is^f : or ccoixKa coat^ is cmphmd instead or the 










c 8pUfc 






#piril ]jkmp, brim: Ukevi$^ nrcrd acaizkst a K&Q of lime. Br ^ 

OQf HjMT r«>Ti!Ain3n^ emxfftrsk snj&oes ior tkf fMNMbcbon of a brilliant hg^t, 
not rti:i%\, hc'^rr^r, to the oiT^brdTOgea laghT» itiaA will be rrplainrn in 
Ihf article 0^ hydro^m. (Tael l6X) " 

To sborw f hf wf ijrM of oxjgvn cas, and that it is heaTier than air, 
the ffiofffm^ (wm tw;i botsW containing it mar be lemofcd, one bottle 
flHfybe m\ cvpen for wme time and th^testedfl^ a Ughtied tipper, iriieB 



^ 



EZPESIVEXT3 WTfH OXTISS CIS. 

will still indic&te tbe presaice of die g», «li3it the oIJkx mj be 
" \j inverted over > ilUic cup in vhuh soote ctiwi; Mtied win ■ 



of tatpentinp, maj be 
ftaler Diilliaac; at the momeot whea tLc oijgea 
"ithit. 

Xi»tUe^k Eiraimtmt. 
The thearj of tlie effect of o^j;gea upon tbe i^slaii vliefi ialukd 
onld be im increase La the vork of the nspatatj oigsm; aadit b 
Mated that after inhiiling a gallon or so of dia ga^ the pulse is taixd 
fot^ or nrtv beats per seconds tbe gas is easi^ inhalea l^iBi a '■'8^ 
indmrubber'bag tjiroogh an amber monthpiete: it mast of course be 
quite fare, and if made from the nuxtnre of ehloiate of potash and 
vdde of mangmiese, sliould be purified bj being passed throngfa lime 
"id water, or cream of lime. 

Ticmtietk Erpriiufni. 

There are certain coloorisg maltcra that are ircakened or dcstroTGd 

V the aetioti of %lit and otlier causes, trbicb deprive tbem of o^veu 

Cir deoxidize them. A wEak tinctore of IJImos, if long kept, (Aen 
nes eolonrless, bnt if this eokmilcss fluid is shaken in a bottle 
villi oxjgen gas it is gtaduall; restored ; and if either litmus, tuimeiic, 
indigo, orchil, or madder, papin-, or certun ribboua djed vith the same 
4>il(Mring matters, have become faded, thej mav be partially restored bv 
•■■--■ — and plaebg them in a bottle of oxjgea gas. The effect of the 

.„ i to reverse the i^udizing process, aadXo impart oijgen to 

lb colouring matters. Bj a pecnliar process indigo may be obtained 
fnile white, and again restored to its usual blue colour, either bj ci- 
{losiUB to the air or bj passing a stream of oxygen throngh it. 

Ticemlg-^nt Erperiacul. 
Uessr& MalbesoD, of Torrington-street, Russeil-square, prepare 
io Hie form of wire some of the rarest metals, sucU as mdgnesium, 
llthinm, &c. A tvire of the metal niagncsiom bores mugnilieently in 
mjgcn gas, and forms tlic alkaline earth mi^esia. The metal lithium. 
Id which sach a very low combining proportion belongs — viz., C'S, can 
^ be procured in the state of wire, and horns in osjmn cas with an 
ilcnse white light into the alkollae lithia, which dissolved in alcohol 
rilh a little acetic acid, and bomt, affords a red flame, ntakiosacttrions 
BSt between the effects of colour produced bj the metallic and osi- 
state of lithium. 



The tenn allotropy (from aXXoT^xMrot, of a different nature) was 
kt nsed bj the renowned chemist Berxelius. Dimorphism, or diver- 
h in crjstalliiie form, is therefore a special case of allotropfj 
d i» most wnusinglj illustrated with the iodide of mercury (B^, 
Udi is made either by rubbing together equal combining propo> 
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tions of mercury and iodine (both of which are to be found in the 

corrosive sublimate (cHloride of mercury (HgCl) ) with one of iodide of 

■ " ■ latj 



Table of Elements, page 86), or by carefully precipitating a solution of 
corrosive sublimate (cmoride of mercury (HgCl) ) with one of iodide of 
potassium, just enough and no more of the latter being added to pre- 



cipitate the metal, or else the iodide of mercury is redissolved by the 
excess of the precipitant. It is first of a dirty yellow, and then sradually 
changes when stirred to a scarlet ; if this be collected on a mter, and 
washed and drained, it is a beautiful scarlet, and when some of this 
substance is rubbed across a sheet of paper, a bright scarlet is apparent, 
which may be rapidly changed to a lemon-yeUow by heating the paper 
over the flame of a spirit lamp ; and the iodide of mercury is again brought 
back to a scarlet colour by nibbing down the yeUow crystals with the 
fingers. This experiment may be repeated over and over a^ain with 
the like results. If some of the scarlet iodide of mercury is subluned from 
one bit of glass to another, it forms crystals, derived from the right 
rhombic prism ; when these are scratched with a pin they change again to 
the scarlet state, the latter when crystallized being in the form of the 
square-based octohedron. 

Other cases of dimorphism may be mentioned— viz., with sulphur, 
carbonate of lime, ana lead, and many others, whilst allotropy is 
curiously illustrated iu the various conditions of charcoal, which, in 
the more numerous examples, is black and opaque, and in another instance 
transparent like water. Lamp-black is soft, but the diamond is the 
hardest natural substance. Tne allotropic state of sulphur has been 
already alluded to ; phosphorus, again, exists in three modifications : 1st, 
Common phosphorus, wnich shines in the dark and emits a white smoke. 
2nd, White pnosphorus. 3rd, Red or amorphous phosphorus, whidi 
does not shine or emit white smoke when exposed to the air, and is so 
altered in its properties that it may be safely carried in the pocket. 

Enough evidence has therefore been offered to show tnat the allo- 
tropic property is not confined to one element or compound, but is dis- 
coverable m many bodies, and in no one more so than in the allotropic 
state of the element oxygen called 



OZONE. 



The Greek language has again been selected by the discoverer, Schon- 
bein, of Basle, for tne title or name of this curious modification of 
oxygen, and it is so termed from o^clv, to smell. The name at once 
suggests a marked difference between ozone and oxygen, because the 
latter is perfectly free from odour, whilst the former has that peculiar 
smell which is called electric, and is distinguishable whenever an 
electrical machine is at work, or if a Leyden jar is charged by the 
powerful Rhumkoff, or Hearder coil; it is also apparent when water is 
decomposed by a current of electricity and resolved into its elements, 
oxygen and hydrogen. When highly concentrated it smells like chlorine; 
and the author recollects seeing the first experiments by Schonbein, in 
England, at Mr. Cooper's labojatorr in the Blackfriars-road. Osone 
is prepared by taking a clean empty Dottle^ and pouring therein a veij 



^le distilled water, into 

^ch a piece of akaii 

tanked ]ilioBphonis is 

itttrodiiced, so as to sk- 

me about oue-half of 

its dismetEr to the air in 

'file bottle, wliilst tlic 

iOther is in contact witli 

rftewaler. (Fig. ll)t) 
Tor the sake of pre- 

■ cndion, the bottle maj 
riuil in a hasiu or sauj) 
jkte, 30 timt if liic 
BboBplunus should take 
are. It may be instantly 
extjngnislied b; pour- 
ing cold water into tlie 
MXlf, and should tliis 
eruk and break, the 
pbiplioras is received 
mio the plate. 

When the ozone is 
fctmed the phosplio i s can be o-ithdmwn, and the phosuhorons-acid 
imoke washed out bj shaking the bottle; it in diatmguishable bjits 
•bbU, and abo_ bj its action on test paper, prepared by painting witli 
Btarch containing iodide of potasaium on some Bnth post paper; wlieu 
this is phkoed in thp bottle coalninmg ozone, it clianges tiie test blue, 
Omther a purplish blue. 

Omiie is a most energetic body, and a powerful bleaching a^ent ; if 
■ point is attached to the prime conductor of an electrical niiwhine, 
■ltd the electrified air is received into a bottle, it will be found to smell, 
ind has the power of bleaching a rer^ dilute solution of indigo. Ozone 
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is not a mere creatiou of f^cr, as it can not only beprodoced by oertaiii 
niethod5, but may be dc»tn>yed by a red heat. If a point is prepared 
with a loo? of platinum vire, an<f this latter, after being connected with 
a Toltoic oattery, made red hot. and the whole placed on an insulating 
slool. and couueoted wiih the prime conductor of an electrical machine, 
it i5 found that the elect rined air no longer smells, the ozone is destroyed; 
on the other hand, if the voltaic batterr is disconnected, and the electri- 
fied air again allowed to pass from the cold platinum wire, the smell is again 
apparvuc, the air will b.caeh. and if caused to impinge at once upon 
the ivxiide oi st^irvh ie>:. chaninL^s it in the manner ureadv described. 
^Fie. 105.^ 

Ozone is insoluble in water, and oxidizes silver and lead leaf, finely 
powdered arseuio and antimony ; it is a poison when inhaled in a con- 
centrated stale, whilst dLluted, and generated by natural processes, it is a 
beneficent and beaiiiiful provision against those numerous smells originat- 
ing in>m the decay ofammal and vegetable matter, which might produce 
ilisease or death : \vouo is therefore a powerful dismfectant. The test for 
ofone is made bv boiling tocet her ten psurts by weight of starch, one of iodide 
of potassium, and two hundred of wacer; it may either be painted on 
Hath Lvst pa^H^r. and used a: once, or blottin? paper may be saturated 
with tao test and dritxi, and when required for use it must be damped, 
either before or after testing for ozone, as it remains colonrless nen 
i//>, but becomes blue after being moistened with water. 

l^iper prei>arevl with sulphate of manganese b an excellent test for 
ozone, and enaii^es brvmu rapidly bv the oxidation of the proto-salt of 
mau£:anese« audlrs conversion into tlie binoxide of the metaL 

Ozone is also ure'tured by {Kturing a little sulphuric ether into a 
quart bottle, and tnen, after heating a gla&s rod in the flame of the spirit 
lamj\ it may be plnngv\i into the bottle, and after remaining there a few 
miuutes ozone may be detect evi by the ordinary tests. 

SlTKOvJEX, OR AZOTE. 

Nirpor. nitre : ytvnuK 1 fonu ; a, privative : f»i7, life. Symbol, N '* 
combiniug proportion, 14. Also termevl by Priest lev. /}i/<yw/i«f/rt? air. 

In the year 177^, Or. Kutherforvi lV»tessor of Botany in the Uni- 
versitv of" Ediubursrh, published a thesis in Latin on fixed air, in which 
he sa'vs: — " /»> ''c' irsptJMiivM ,/ cmImuiI^ kfMUhy air u moi mer^j^ 




tsUai 

aliAcM.jh ii GCiXtsioHJ^ no pivcipi*a*if m .V*zc'-sr«.Vi*. i/ MfrrertkeleM exfin- 
4r»ishes jiamf and desin^s ii/fS' Such is the doctors account of the 
discovery of nitn>iren, which' mav be se^>arated from the oxygen in the 
air in a very simple uuinner. Tlie atmosphere is the great storehouse 
of nitrogen, and four-fifihs of its prodigious volume consist of this 
element. 



Coapoaitioa of Almofpherk Ah. 
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The Dsoal mode of procariog nitr^u gas is to abstract or riimove 
Uk oijgeu from a giren portion of atmosjiberic air, and the ODl<r ])nint 
to be ntteoded to, is to select some substfinoe which will cnntmue in 
tnm Ks loQ^ as there is an; oxygen left. Thus, if a lighted taper u 
(iliod in a boltle of mr, it ^ill only burn for a certain period, and in 
gnduallj and at last extinguished; nut that the whole of the oxjgen w 
ranciTcd or changed, because after the taper has gone out, some bunUHg 
ibI^ut ma^ be placed ia the vessel, and will continue to burn for a 
Hniled penod ; and ercn after these two combustibles bavc, aa it were. 
tikm their fill of the oxygen, there is ;et a little left, wliich is snapped 
op li; baming phosphorus, whose voracious appetite for oxjgcn is onl; 
qipeased Iw lakiDg the wbole. It ia for this reason that phosphorus is 
eo^Joyed Kir the purpose of removing the oxygen, and also because tlie 
podnct (phosphoric acid) is perfeollv soluUe iti water, and thus the 
ia;gen is first combined, and then wasned ont of a given volume of air, 
Inimg the nitrogen behind. 

Fint Exfermeni. 
To prepare nitrogen gas, it is only 

Keessary to place a little dry phos- 
jAcms in a Berlin porcelain cup on a 
line i^Bss, and to stand thcni in a 
Hup plate containing water. Tlie 
phosphoros is set on fire with a hot 
lire, and a gas jar or cylindrical jar 
B then carefully placed over it, so that 
fte welt of the jar stands in the water 
b the soup plate. At first, expansion 
likca place in consequence of the heat, 
hit this effect is soon reversed, as the 
'B^gen is converted into a solid by 
tBlonwitb the phosphorus, forming a 
l^te smoke, which gradually disap- r, 

UTS. (Fig. 106.) •a;_ 

Supposing two groins of phospho- \\ 

IS hiul been placed in a platinum ^:^i 

ibe, and just enough atmospbcrio air 
kfed over i. to ?o„,=rl tL wl.ol. .,'*3 tSffiSS' 
Bto phosphoric acid, the weight of itiut, tupportinit o, tho ouj. __ 
be pboaphoms woiJd be increased to [^5_*-°'?!?^_p^'p5,1^_'!^A' 




graina by the addition of %\ grains witer. 





p^K. b^^ T~S aik> oitia «■ a^ns Sa^for, which wdgh 



*Mif*BMafe&pHK»tfa« ■■WS a>hiBi>eb 










pRpand bj passing air 
M«; Ab metal absorbs 
He tody-£iided copper 
"-*■ ~~'e of copper. 



f a good mass of 
iBf sealeo. and being 
pueedonaiiiransnp- 
port, is then covered 
in a capped air jur 
-■ithaalidiiig rodaud 
sbtmpcr, the whole 
beats arniDged ia 
a pMe cautaining 
■met. When tlie 
Hamper ia pushed 
down upon the glass 
the latter is broken 
fFia-WJ.andtbenir 
^ladoaUj penetrates 
to the finelv divided 
lend, when ipnitianDC- 
enrs, and the o^jfgeu 
is absorbed, as demon- 
atrated bj the rise 
of the water in tlic 
JHT. On Ihe same 
principle, if a bottle 
IS fiUed about one- 
third full with a liquid 
amalgam of lead and 
mercury, and then 



DxTgcn and 
iiilxtiirn nf cqun] weights of sulphur 
|i«ii(i< witli wnler in a thin iron cup, 
lur n Utiii jnr full of air sUnding on tlie 




t^elf of the pneuni.itic trougli, or la a d[s)i fall of water, the viler 
gRMliiiUtj rises in tlie j<ir io nboitt forty-eiglit bours, in conKquence of 
tlie absarptign of the oxjgen gas. 

Tiird Eiperiani/. 
Nitrogen is devoid of colour, taste, smell, of alkaline or acid qtuilities ; 
•cd, us ire shall hare occasion to notice presently, it fonns an acid 
flieii ehemicallv united with oxygen, iuid an alkali iu uuion with hydro- 
gen. A iiglitea taper plunged into this gas is imuiediatelj eititigiushed, 
•liile its specific gravitj, which is lighter than that ot'oijgen or air, 
li demonxh^ted by the rule of propoTlioQ. 

Wdilit of lOO imhli! Wiigbl ot 100 nble SjiRiac 

taehMofiirmlBO" Unilj. imho oT nltaKm »t gnjitsiT 

Mir., bar. i»8S In. W Fihr, bu. Ilf9i in nitngm. 



Anditsleritjmay beshowuveryprettilybTa 
ranpteeiperinient. Select two gasjarsoft'bc 
one size, and afterfilling one with oijgengas 
>ad the other with oitrogen gas, slide glass 
lilitesorer the bottoms ofthej ars.and proceed 
Id ncTert the one containing oxygeu, placing 
tbe neck in a stand formeil of aooi. open at 
tie lop; theu place the jsr containing nitro- 

Eorer the mouth of the first, withdrawing 
gtasa plates carefully ; and if the table 
ii steady the lop gas jitr will stand nicely 
on the lower one. Then (having previously 
lighted a taper so as to have a long snuff) 
ttmote the stopper from the nitrogen jar 
ud insert the lighted taper, which is im- 
sediat^lT ei.tingu]shcd, and as quickly re- 
Ijgfated by pnshmg it down to tbe lower 
jfl oonttuning the ojygen. This experi- 
nent may be repeated several times, aad is 
' good illustratiou of the relative specific 
pavities of the two gases, and of the im- 
Mrtanee of the hkw of universal diffusion 
already explained at p. G, by which these 
— air, not eoabiae together, sad the 
iphercTemains in one uniform state of 
tanposition in spite of the changes going 
ta at the surface of the earth. Omitting 
Ibe ai^amiis vapour, or stei 
IB variable quantities in the 
'olumes of dry 
Gmham: — 
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Ii v^j' iiii tjtin^x ibc ftf^.'impliKboi. bet iIl-£K:«d LiToisier who dis- 
Niic-JYiii \% t.\pcT.nin.i.2c wiih qiiicksabrer vad air, the oonqxnmd 
ikki uTt iu Uic k\.r:cn^iiUTC : &ad it v:u the sacae chemist who caTe the 
nune d uolf 1l> T..in>cf s : it s^onliL bowerer, be borne in mind that it 

does not neoessaiilj 
follow because a gas 
extinguishes fbane 
that it is a poUom. 
Nitrogen extingoishes 
flame, but we inhale 
enonnous quantities 
of air without waj ill 
effects from the nitro- 
gen or azote that it 
^ contains; on the other 
hand, manj gases that 



extirgqish name are 
speei/ejpoiioiu, sodias 
carlxmic acid, caibonio 
oxide, cjanogen, &o. ^ 
Lavoisier's experi« 
ment may be repented 
by passing into a mea- 
sured jar, graduated 
into five equal vo- 
lumes, four measures 
of nitrdj^ and one 





BB. 



PUr.109. A. Ow Jar divided into five equal part*. — „ — — 

Beetian of pnevnuuic troogb, U> thow the decanUtion of gas measure of OXVSen : a 
ftom one Tetael to another. The gaa it being passed ftxan c i i xl^.ttifc *k«. 

to A, throogh the water. ^^ glass plate should then 

be sUd over the mouth 
of the vessel, and it may be turned up and down gently foe some^ little 
time to mix the two gases, and when the mixture is tested with a l^ted 
taper, it is found neither to increase nor diminish the illuminatiiig power, 
and the taper bums as it would do iti atmospheric air. (Fig. 109.) 



HjdrDgen (vdap, water; ytnao, I give rise to), so tenned bj LaToisief 
—railed By other chemists mflammawe air, and pblogislfln. Sjmbol, H ; 
cgmbinino properties, 1. The Ibhtest known form of matter, 

Ereij 100 parts by weight of water contain 11 ports of hydrogen 
, «; aad as tlic quautit; of water on the surface of the earth represents 
n leut two-thirds of the wliole area, the source of this gas, like tiuit of 
ongen or nitrogen, b inenbaustible. Van Hclmont, Majow, and 
Hi£i had shown that certain inflammable and pcculinr eases could hi: 
iibt»ined,butitwaflraseryedfoc the rigidly philosoiihicoiinQ of Cnrendish 
Id determine the nature of the elementa contained in, and giving a s^ie- 
Bilily to, the inflonunable gases of the older chemists. By acting with 
"^" acids upon iron, zinc, and tin, Cavendish liberated an inflammable 
: gas i and be discovered nearly all the properties we shiiU notice 
succeeding experiments, and eapecinlly nemoastriitcd the compo- 
of water in his paper read before the Royal Society ia tbc year 



va. 



Firtt Experimsal. 



^ Xigeu is prepared in a veiy simple manner, by placing eon 
nttings m. a bottle, to whicli is attached a cork and pewter ( 
{im lube, and ponring upon the metal 
dilute sulphuric or hvdrochlorio 
— BfferveacenCB and cbnllition take 
ikw, and the gas escapes in large quanti- 
tt), nter being decomposed ; the oxygen 
IHies to the zinc, and forms oxide of 
BM, and this uniting with the sulphutic 
[od forms sulphate ot rinc, which may 
K obtained after tbe escape of the hy- 
ingcn by evaporation and crystallization. 

ffig. no.) 

Zn + HO.SOj = ZnO.SO, + H ; 

Zn + HCl = ZnCl + H. 
lo nearly all the processes employed 
Jbr the generation of hydrogen gas, a 
hettd is tisuaUy employed, and tbis fact 
tt BQggested the notion that hydrogen 
May possibly be a metal, oltboagb it is 
tielightest known fonnof matter; andit *^- 
rtlbeobservcdiualltbe succeeding ojipc- ^Sai 
. MBents that a metallic substance will be nmriiaL.. „ 

O^Ucc the hydrogen. throngli ">b ^i» <=■ 
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Whenever hydrogen is prepared it should be allowed to escape 
the generating vessel for a few. minates before any flame is appli 
order that the atmospheric air may be expelled. The most senoiu 
dents have occurred from carelessness in this respect, as a mixti 
hydrogen and air is explosive, and the more dangerous when it 
fire in any close glass bottle. 

Second Experiment. 

If a piece of potassium is confined in a little coarse wire gauze 
attached to a rod, and thrust under a small jar full of water, y 
on the shelf of the pneumatic trough, hydrogen gas is producec 
great rapidity, and is received into the gas iar. The bit of pota 
being surrounded with water, is kept cool, whilst the hvdrogen esc 
under the water is not of course burnt away, as it is whenever the 
is thrown on the surface of water. 

Third Experiment, 

Across a small iron table-furnace is placed about eighteen ind 
I.inch gas-pipe containing iron borings, the whole beine red-hot 
attachea to one end is a pipe conveying steam from a boiler, or fla^ 
retort, whilst another pipe is fitted to the opposite end, and pass 
the pneumatic trough. Directly the st.cam passes over the red ho 
borings it is deprived of oxygen, which remains with the iron, foj 
the rust or oxide of iron, whilst the hydrogen, called in tliis case 
gasy escapes with great rapidity. When steam is passed over re 
charcoal, hydrogen is also produced with carbonic oxide ^as, and t 
fact is the ordinary process of making water gas, which being 
fied is afterwards saturated with some volatile hydrocarbon and 1 
At first sight, such a mode of making gas would be thought extn 
profitable, and in spite of the numerous failures the discovery (so c 
of toater gas is reproduced as a sort of chronic toondet; but expei 
and practice have clearly demonstrated that water gas is a fallac] 
as long at we can get coal it is not worth while going throng 
round-about processes of first burning coal to produce steam ; seo( 




Fig. 111. ▲. Flask containiog wftter, and prodacing steam, which passes to tb 
tube, B B, containing the iron borings heated red hot in the charcoal stove a 
hydrogen passes to the jar d, standing on the shelf of the pneumatic trough. 



EXPEBtUEKTS Vnu HTDBOGSS CAB. 

burning coal to hent charcoal, over vhich Die st«ua is puaei to be 
ircrtcd into gns, vliich hm tben to be purified tiul vatuatrd wiih ■ 
aj) Jiydrocarbon ofatiuDed from coal or mineial n«phfhi ; wUlM cvfi- 
J coal gas is obtained at once by heaiiug «*! in bis ittorta. 

g. 111.) 

mus, by tbc metals zbc, tin, potassium, red>]iot iron (aad «e wif^ 
I aeverw others), the oijgcn of water is remottd and hydrogca gte 
liberated. 

FanrlA Erperiiaeal. 

If bottles of hydrogen gas 

K prepared by all the processes 

etcribed, they will present tlic 

une properties when tested im- 

n similar circumstances. A 

^ted taper applied to the 

KmUis of the bottles of hjdro- 

u, which should be inverted, 

Wiea the gas to take Grc with a 

llight noise, in conaeoacnce of 

^^^ mixture oE air and hjdromn 

at inTariably takes place wnen 

U stopper is removed; ou 

timuting the lighted taper into 

UtE bulk of the gas it IS cxCiii- 

inished, shoivmg limt hydrogen 

poaiteaseB the opposite quality to 

nijgen— viz., that it takes tire, 

htdoes not support combustion. 

Bj keeping the oottles oontaio- 

iiig the hydrogen upright, when 

Itc stopper is removea the gas 

(Mapcs with great rapidity, and 

ttnuspberic air takes its place, 

w much so ttiat by tlic time a 

MAcA. taper is applied, instead 

I o[ ilie gas burning quietly, it fre- 

L ijuetitly astonishes the operator 

I villi a loud pop. Tliis sudden 

I Mack on the nerves may he pre- 

I *aled bj always experimenting 

] »ilh mTerted bottles. (Fig. 113.) 

Fijlh Erperifitnl. 

, Hydrorcn is li-i lighter than air, and for that reason niaj be passed 

. Qti batlT^ and jars without the assistance of the pneumatic trough. 

I UHoflhe must amusing proofs of its levity is that oi tilling paper bags 

ftktwlloons with this gas; and we read; in the accounts of the fetes at 
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Pari;, of the oso of balloons ingeniously constmcted to represent a 
so that B regular aerial bunt vaa exulbited, with this (Erawbac 
that nearly all the nniniaJ* preferred ascendii^ «ith their legs nj 
a, circaniatance which provoked intense mirth amongst the 
Frenchmen. The lightness ot hydrogen may be shown in two 
first, by fillin g B little gohlbeatar'a-skin balloon with pur» hj 
(prepared by psaslng the g[as made from zinc and dilute pure so 
acid through a strong solution of potash, and afterwards thron, 
i>( nitrate of silver), and allowing the balloon to ascend ; an 
afterwards, having of course secured the b^oon by a thin twine or 
thread, it may be pulled down and the gas inhaled, when a moat i 
effect is produced on the voice, which is suddenly changed from e 
bass to a ludicroas nasal squeaking sound. The only prec 
necessary are to make the gas qnite pure, and to avoid flame 
inlialine the gas. It is related oyChaotal that the intrepid (ijutere, I 
but unfortunate aeronaut, Mona. Pilate de Bosio, having on oneo 
inhaled hydrogen gas, was rash enough, to approach a lighted 
when an explosion took place in his mouth, which he says " 
violent that he fancied ail hit tetth Ktre driteit oat." Of conn 
were possible to change by some extraordinary power the condi 
the atuKisphere in a concert-room or theatre, all the bass voicee 
become extremely nasal and highly 
whilst the sopranos would emulate 
whistles and screech fearfully ; and su) 
the specific gravity of the air waa 
ally and materially changing, om 
would never be tiie same, but alter day 
according to the state of the mr, so t 
" familiar Toice" would be an imposs 
A bell rung in a gas jar contair 
emits a very dmerent sound from tha' 
IS producea in one full of hydrogen — a 
experiment is easily performed bypass] 
containing hydrogen over a seU-octi] 
such as IS used for telegraphic pt 
(Fig. 113.) 

Sixth Eeperimeid. 

Some of the small pipes from ai 

may be made to emit the most curious 

by passing heavy and light gases t 

them ; in these experimeota b^ con 

Fig. 113. A. fitmd ind bell, the gases should be employed, whii 




Hand of the 1]«11 in wdlble. 



ta^ same pressure. 



&te»ih Experiimxt. 

One of those toys called "Tbc Squeak' 
isg lof affords another imd ridicnkHiK 
rumple of the effect of lijdrogeD on Mrand, 
wtiea it is used in a jar conlaining lliii 
«». (Kg. 114.) 

Eighlh Erperinvml, 

An accordion played in a krgo rec^UcIe 
nntainiDg hydrogen gas deraonitratc* lAill 
nMe clearlj what would be the effect of 
norchestm shut up in n Tonm contaiuiusr 
a mixture of a considerable portion of 
Ivdrogen with air, as the fonncr, like 
ntmeGD, is not a puiaon, and onlj kiUa IB 
tile i&ence of oxygen gaa. 

A'mth ErperimeHl . 
Some very amnsing cxperimenl* «itk _.,„ — ^- - . ... 

Inlloons have been de%-iBed bvlfr.UtefW, ^" k ™ TlriBjtl '' 
Ihe eminent firework manufartarw. Of 

Rliioh thej nre made to carry Hgnaa « Umc tiaJi. mJ tta* Uw 
axrtiYe or ascending power inaj be ulilitcd la s etftiM crto^ 

Mr. Darby's attention wa« find diRcto] U tk ■wflitw* «if • 
good, serviceable, and cheap balloon, vhicb he Bade «f IfMr, «t wU 
imthemHtical precision ; i\v. ^re* or dHirfoM txiAK ■Me w[ mI , 
and when pasted together, tlrmstlinKd bjr tfa Jtrllci 
nt the juncture; so that the akcbmi of Ifcc Mhm i 
■biiu^ the whole terminating id^ the ncdt, nAUk wm totttf liit 
Bmed iri ' 




iitith calico, 



^ tjrminatmg u tJ 

I, and completed i 



iiirfoM bciMc MMe mmI, 
dk WW toUMT tiif- 

I W ftMod MMriiK 

■mI taser% totbe 



of b(uled oiL These baUoons are aboot aine fait . „._ ... 

diaineter in the vidert part, exaetJj like a pear, aai taper^ to tl» 

neck in the moat gracefnl and elegutBaaoer, thitj aUtimikevjAtagm 

eas renuukablj well for many \tam, asd do flot lak, m eamtifiuvn el 

Ute paper of which the; arc Bade beiag vdl *dadcd aid all bok* 

I stopped, and alao from the eircnmatatr at (Jw p rm m n htmf w «iO 

distnbated over the intoicr bf the alsKxt iitbfaMrtied piecuMi vitii 

which the; are cut, and the careftil peepantini of tW pi^ervilh proper 

I nuniah. One of their greateit Fceonwiendatioaa if dt e i pf* ; fat 

I rtilat a goU-bcalei's skin baUooD of the tame ntiewMldcoit about S/, 

L thsN can be fnniisfaal at 5j. ead in k^ giwBfiliw. 

A A balloon required to can; one or more penoot nuut be eonvtmcted 

Wtt the beat matcrialt, and cannot be too camullr ntade ; it ia therefore 

* 'ateo«llTafiur.anda> tnodi as iOW, 500/^ anderm VHM. 

„ . expenoed in the eonstraction CFf theie aerial chaiiots. 

Ik ^ief pnBta requiring attention are :— fint, the quality of the 
A; netnd^, the preoakm and tcmpolons nicety required in enlting 
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out and joining the gores ; thirdly, the application of a good varnish 
fill up the pores of tne silk, which must be insoluble in water, and si 
ficiently elastic not to crack. 

The usual material is Indian silk (termed Corah silk), at from 2#. 
2s. 6d. per yard. 

The ffores or parts with which the balloon is constructed require, 
before stated, great attention; it being a common saying amon§ 
aeronauts, " fhat a cobweb will hold the gas if properlif shaped" X 
object being to diffuse the pressure equaUy over the whole bag 
balloon. 

The varnish with which the silk is rendered air-tight can be ma 
according to the private recipe of Mr. Graham, an aeronaut, who stat 
that he uses for this purpose two gallons of linseed oil (boiled), t\ 
ditto (raw), and four ounces of beeswax ; the whole being simmers 
together for one hour, answers renmrkably well, and the varnish 
tough and not liable to crack. 

' Eor repairing holes in a balloon, Mr. Graham recommends a cemei 
composed of two pounds of black resin and one pound of tallow 
melted together, and applied on pieces of varnished silk to the aperture 

The actual cost of a oalloon will be understood from information ah 
derived from Mr. Graham. His celebrated " Victoria Balloon," whii 
has passed through so many hairbreadth escapes, was sixty-five fe( 
high, and thirty-eight feet in diameter in the broadest part ; and tl 
foflowing articles were used in its construction : — 

£ s. d. 

1400 yards of Corah silk, at 2*. 6c?. per yard . . 175 

The netting weighed 70 lbs 20 

Extra ropes weighed 20 lbs. at 2«. per lb. . . . 2 

The car weighe(r25 lbs 700 

Varnish, wages, &c 16 

£220 

Thirty-eight thousand cubic feet of coal gas were required to fill th 
balloon, charged by one company 20/., by others from 9/. to 10/. ; an 
eight men were required to hold the inflated baggy monster. 

Such a balloon as described above is a mere soap bubble when con 
pared with the " New Aerial Ship" now building in the vicinity of Ne 
York i the details are so practical and interesting, that we quote near) 
the whole account of this mammoth or Great Eastern amongst balloonj 
as given in the New York Times. 

" An experiment in scientific ballooning, greater than has yet bee 
undertaken, is about to be tried in this city. The project of crossin 
the Atlantic Ocean with an air-ship, long talked of, but never acoon 
plished, has taken a ^hape so definite that the apparatus is already prf 
pared and the aeronaut ready to undertake his task. 

" The work has been oonaucted quietly, in the immediate vicinity ( 
New Yoirl^ since the opening of spring. The new air-ship, which hi 
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^jf the utiiiiT of •.!_* !'nr:r:"u!i'.** . " :.u' li- ■.• _ .--. - 
•scend to a TtzzZ^z vii*^ var.vr v_ :ri:-;>*. ;... - --r -. 

"Droppuis &tj:w til*- bu^c=.: Is I Ui*r.tl^'. ..:-.- -^^ 
*flEricaic-n eizdii^. CL:n*:!. Lr/r^soi 1 .l--;-... •: • .■-.■•. j- 
tried inirii-airT 1:* par:i?i.ii-r :iirx-:?* - *> '.'.:.•■. . ., ,• >..-•.- 

I 
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a rej^atine ])Ower. The application of the mechanical power is id 
geniously devised. The propeller is fixed in the bow of the lifeboat 
projecting at an angle of about forty-five degrees. Erom a wheel a] 
the extremity twenty fans radiate. Each of these fans is 5 feet ii 
length, widening gradually from the point of contact with the screw tc 
the extremity, where the width of each is 1^ feet. Mr. Lowe dainu 
that by the application of these mechanical contrivances his air-shin 
can be readily raised or lowered, to seek different currents of air ; that 
they will give him ample steerage way, and that ihej will prevent the 
rotatory motion of the machine. In applying the principle oi the fan, he 
does not claim any new discovery, but simply a practical devdopment 
of the theory advanced by other aeronauts, and partially reduced to 
practice by Charles Green, the celebrated English aeronaut. 

"Mr. Lowe contends that the application of machinery to aerial 
navigation has been long enough a mere theory. He proposes to 
reduce the theory to practice, and see what will come of it. It is 
estimated that the raismg and lowering power of the machinery will be 
equal to a weight of 300 lbs., the fans oeing so adjusted as to admit ci 
very rapid motion upward or downward. As the loss of three or four 
pounds only is sufficient to enable a balloon to rise rapidly, and aa the 
escape of a very small portion of the g»s suffices to reduce its altitude, 
Mr. Lowe regards this systematic regulator as quite sufficient to enable 
him to control his movements and to keep at any altitude he desires. 
It is his intention to ascend to a height of three or four miles at the 
start, but this altitude will not be permanently sustained. He prefers, 
he says, to keep within a respectable distance of mundane things, where 
' he can see folks.' It is to be hoped his machinery will perform all 
that he anticipates from it. It is a novel affair throughout, and a 
variety of new applications remain to be tested. Mr. Lowe, expressiDg 
the utmost confidence in all the appointments of his apparatus, assmtd 
us that he would certainly go, and, as certainly, would go into the ocean, 
or deliver a copy of Monday's Times in London on the following 
Wednesday. He proposes to effect a landing in England or Efbuocl 
and will take a course north of cast. A due easterly course woda 
land him in Spain, but to that course he objects. He hopes to make 
the trip from this city to London in forty-eight hours, certainly in wttj- 
four hours. He scouts the idea of danger, goes about his preparations 
deliberately, and promises himself a good time. As the upper ourrents^ 
setting due east, will not permit his return by the same route, he pro* 
poses to pack up the City of New York, and take the first steamer for 
home. 

" The air-ship will carry weight. Its cubical contents of 725,000 
feet of gas suffice to lift a weight of 22| tons. With outfit oomnleto 
its own weight will be 3 J tons. With this weight 19 tons of lining 
power remain, and there is accordingly room for as many passengers as 
will care to take the venture. We understand, however, wat the 
company is limited to eight or ten. Mr. Lowe provides sand fat 
ballast, regards his chances of salvation as exceedingly favonraUc^ 



f]»ixi implicit foitli in the strcn^li of bis netting, the power of Lis 
■Khinerj, and the buovancj of liis lifeboat, and Stogefller considers 
lifflidf secDce from thenazardof disaster. If ho accomplish his voyage 
HMfetf, he will have done more than an; air Davigatoroas jet ventured 
to Dodertake. If be fail, the eDternriee sinks the snug sum of 20,000 
Ukn. Wealth; men who are his backers, aharbghis own euthiisiasm, 
declare failnre impirasible, and invite a patient public to wait and see." 
A n%bt ascent witnessed at nn; of the pnblic ^dena is cDrtaiol^ a 
tinne scene, particularlf if tlie wbd is rather high. On approaching 
fte bwoon, swajed to aod fro b; the breeze, it seoois almost capable of 
OUahing the bold iudividonl who would venture beneath it ; seen as a 
Ivge dark moss in the yei dimlj-ligSiteil sqnarc, it appears to be incn- 
paSe of control ; when the inflation is conjpleted, the aeronant, all im- 
fdrtince, seats himself in the car, and blue lights, with other fire- 
■otka, ^pla; the victim who is to inake a "kst ascent," or pcrhaJKt 
iuuxt. riuallv the word is given, the ropes are east off, and the bnlkj 
itniA rises majesticall; to the sound of the National Anthem. Tho 
~—' - but the next daj's Timet reports tho end of the aerial 
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be of any permanent value as means of locomotion 

Blil the; can be steered j and this is a problem, tho solution of which is 
■noething Mkc perpelual motion. In the first place, aballoonofanjoizc 
ttpoBM an enormous surface to the pressure and force of the winds; 
M when we consider that thcj more at the rate of from three to eighty 
■ilo per honr, it will be nndcntood that the fabric of the balloon :t»elf 
mt give waj in an; attempt to tear, work, or pull it against sueh a 
Imw. Secondl; and lastly, the power has not yet been created whjcli 
(in do all this without the inconvenience of being so heacy that thi 
■''--' ■ ■ - ■' •-■■- ■- ■ th ' ■■ ■ ■■ ■ 

majpossihly hear of the voyage of the good ship Aerial, bound 



ncine fixes the balloon steadily to the earth by its obstinate 
fftrity. When engines of power are constructed without the aeronaut's 
mtade of weight — when balloons are made of thin copper or aheot-ir 
tten we may possibly hear of the voyage of the good ship Aerial, boL„„ 
1km place, and quite independent of dock, port, and the host of duos 



ttm? place, and quite independent of dock, port, and the host of duos 
|pBnO, which the sea-going ships have to disburse. It is, however, gratifv- 
%to Use leal and perseverance of those who dream of aerial navigation, to 



ntani 



that S balloon is not quite useless ; and here we may return to the 
'"""■tion of Mr. Darbj^s signals, which are of varions kinds, aud in- 
appeal to the senses by night as well as by day ; and Erst, by 
aniu. Sach means have loug beeo recognised, from the anciout 
. and bell of the " Inchcapc Rock," to the painful minnte-gun at sea, or 
shrill railway whistle and detonating signals cmjiloyed to prevent the 
ion of a cotusion between two trains. The signal sounds are pro- 
ed bj the explosion of shells capable of yielding a report equal to 
I of a six-ponnder caiuon, and tliey are conatmctcd in a very simple 
mer. A mU, composed of wood or copper, and made up by screwing 
tlher the two hemispheres, is attached to a shaft or tad of cane or 
e>«ood, pToperiy feathered like an arrow ; at the side opposite to 
t of the arrow— vis., at it« autipodes, is placed a slight protuberance 
1 i 
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rontainiui; a minute bulb of gkaa {Hied with oil of vitriol, an 
rounded with a nuxtuTe of chlontc of potash and uugar, the whole 
pToleclnl vith eiitta-pcrcho, sjid comniimicating by a toncb-holt 
tbe iutcrioT, wbich a of course filled with ^npowder. These sh< 
attached to a circukr fnuncnork bj a Strang whipcord, whieh 
to a cciitrni fuse, and arc detached one after the other as the slo 
(nitidc hollow on tbe principle of the nrgand lamp) bums steadily 
L>in«llv a shell folb to the ^und, the little bulb containing the 
vitriol Dreaks, and llie acid coming in contact with the cblor 
{Kilasb Biid suj^ar, eausea the luixture to take fire, when the gonp 
ciplndt's. During the sic^ of Scbastopol manv similar minet 
preiiared bv the Russians in the earth, so that when an unfor 
soldier trod upon the spot, tbe concealed mine blew op and sei 
injured liim; aueh petty warfare is as bnd ns shooting sentries, 
cruel apnlieation of science, that unueceiisarily increases tbe mise 
war witliout producing those graud results for wbich the truly 
captaiiia, \VelljDg:ton and Napoleon, only warred. (Fig. 115.) 
The bill distributor consists of a loug piece of wood, to whi 
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of hollow fuses, with [jackets of biliA, (irof^-cUyJ fr//r/i 
kbr ^Moiird or singed by a thin tin plate ; lO/tfff) or ^0///i bi.,t fj^t 
AHlKddiTcsed,and the wind assists in 8catti;ring thr'^rn, whilst ttit: U! 
oxer a distance of many miles. It muni \rf. rH*:f,i»t^it^/} u.^t*. 
sue the shells and the bills arc dctacherJ by th^ %irliii( b'jr.'».r.sr 
^ _ the fire creeps up from the fuse. (Fi^. j 10; 
Joother most ingenious arrangement, alvi ]trt'A>tirt-A by \U, Iht'uk, 
B toned br the inventor, the "Land and Wat^r hi^riAl/*'ari/J tUAj C«. 
ihi described: — ^A short hollow ball of ^itfH-f»«^rf:h«i, t,r *,*\.*r'ffiu 
Toint material^ five or six 
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i in diameter, and filled 
viA printed bills, or the in- 
fcoHtion, whatever it may 
k; that is reauired to be 
Mt,is attachea to a cap to 
vUdi a red flag, having the 
woris " Opem the shellp and 
ioBT cross sticks, canes, or 
vhilebones with bits of cork 
*t equal distances,.are fitted. 
The whole is connected by 
•string to the fuse as before 
deKribed. These signals 
m adapted for land and 
viter : m either case they 
Ul upright, and in conse- 
jnence of the sticks pro- 
jecting out they float well 
ft the water, and can be 
ven by a telescope at a dis- 
place of three miles. (Fig. 
117.) Many of these siff- 
■Js were sent away by Mr. 
Ikrby from Vauxhall; one 
Vis picked up at Harwich, 
Mfier at Brighton, a third 
•t Crovdon ; in the latter **!"*"»? **»« iMMM^f. w infr/rmjiti^rti. » mi. hi^mp 

nuk if ««o IVm,«/1 k,. o /..^f *? cane to keep the flajc In mi ujrtlifht jy^iUl/fn ; at 
CMC It was found b} a cot- the ends are attached cork bunm. 

tiger, who, fearing gunpow- 
der and combustibles, did not examine the shell, but having mentioned 
tk circumstance to a gentleman living near him, tlicy ajn-ccd Ut cut it 
'fpca; and intelligence of their arrival, in this and tlic other cases, was 
politely forwardeof to Mr. Darby at Vauxhall Gardens. 

Balloons, like a great many other clever inventions, have been despised 
hy military men as new-fauffled expedients, toys, which may do very well 
Joplease the gaping public, but are and must be useless in the field. 
Over and over again it has been sug^i^cstcd that a balloon corps for 
<AKrTAtion should be attached to the British armv, but the scheme has 




it 



Vhf^.WT. The laml and wat/^ MfOi*!, wki/;h rt-.- 
niainM upriirht on land, or float* on the nurfa/ie of 
water, a. The water-tiKht icitta-pereha n)tti\\, m,u- 
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been rejected, although the expense of a few yards of silk and ' 
ration of hydrogen eas would be a mere bagatelle as compared 
transport and use of a single 32-pounder cannon. The antiquate 
of octogenarian generals have, however, received a great shoe 
fact that the Emperor Napoleon III. was enabled, by the assi 
a captive balloon, to watch the movements and dispositioi 
Austrian troops ; and with the aid of the information so obt 
made his preparations, and was rewarded by the victory of »S 
and as soon as the battle was over Napoleon lU. occupied at 
the very room and ate the dinner prepared for his adversary, the 
Francis Joseph. 

Over and over again the most excellent histories have been ? 
aerostation, but they all tend to one truth, and that is, the gra 
and risk of such excursions ; and to enable our readers to fo 
own judgment, a chronological list of some of the most o 
aeronauts, &c., is appended. 

1675. Bemair attempted to fly — killed, 

1678. Besnier attempted to fly. 

1772. L'Abb6 Desforges announced an aerial chariot. 

1783. Montgolfier constructed the first air balloon. 

„ Roberts ^^e*, first gas balloon, destroyed by the peaj 
Geneva, who imagmed it to be an evil spirit or the mc 

1784. Madame Thibl^ the first lady who was ever up in the 

she ascended 13,500 feet. 
„ Duke de Chartres, afterwards EgalitS Orleans, travel 

miles in five hours in a balloon. 
„ Testu de Brissy, equestrian ascent. 
„ D'AchiUe, Desgranges, and Chalfour--Montgolfier balloc 
„ BacqueviUe attempted a flight with wings. 
„ Lunardi — ^gas balloon. 

„ Kambaud — ^Montgolfier balloon, which was burnt. 
„ Andreani — ^Montgolfier balloon. 

1785. Greneral Money — gas balloon, fell into the water, and not 

for six hours. 
„ Thompson, in crossing the Irish Channel, was run into 
bowsprit of a ship whilst going at the rate of twei 
per hour. 
9, Bnoschi — gas balloon ascended too high and burst the 

the hurt he received ultimately caused his death, 
„ A Venetian nobleman and his wite — ^gas balloon — killed, 
„ Pilatre de Eozier and M. Eomain— gas balloon took fii 
killed, 
1806. Mosment— ^as balloon — killed, 

„ Olivari — ^Montgolfier balloon — killed, 
1808. Degher attempted a flight with wings. 
1812. Bittorf—- Montgolfler balloon — killed. 
1819. Blanchard, Madame — gas haHoon-^killed, 




BALLOOS ACdDENTB. 

9, Gaj Lna&ac — gas balloou, ascended i'ifiiO feet above tlie level of 
the sea. Barometer 12*95 inches ; tLermomcter 119 Fah. 

GayLussao and Biot — gas haJloon for the benefit of science. 
Both philosophers returned safely to tlie earth. 

Sadler— gas Ulloon-^iiV/ef/. 

Sheldon — gas balloon. 

Harris — gas balloon — killed. 



C(»kinp--jiaraohute from gas balloon — ii 
'Sodard— Montgolfier bidloon fell into an 



ilkd. 



and cxtiieated from the 

I UHL Foiteviu, a successful Freech aeronaut, 
n Gale, Ident. — gaa balloon — tilkd. 
„ Biuo and Barial — ^as bidloon. 
„ Graham, Mr. and ^irs. — «ita balloou. — Serious accident usccudiug 

near the Great Eihihitiou in Hjde Park, 
„ Green, the most successful living aerooaat of the preseat time. 

Ot the il persons enumerated, liirece killed, and nearly all tlie 
Knuiauts met nith accidents ivhich might hare proved fatal. 
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Tenth Experiment, 

Soap bubbles blown with hydrogen gas ascend with great rapiditj 
and break against the ceiling ; if ^interrupted in their course with i 
lighted taper they bum with a slight yellow colour and dull report. 

Eleventh Experiment. 

By constructing a pewter mould in two halves, of the shape of i 
tolerably large flask, a baUoon of collodion may be made by pouring the 
collodion inside the pewter vessel, and taking care that every part is 
properly covered ; the pewter mould may be warmed by the external 
application of hot water, so as to drive off the ether of the collodion, 
and when quite dry the mould is opened and the balloon taken out. 
Such balloons may be made and inflated with hydrogen by attaching to 
them a strip of paper, dipped in a solution of wax and phosphorus, and 
sulphuret of carbon ; as the latter evaporates, the phosphorus takes fire 
ana spreads to the balloon ; which bums with a sb'ght report. The pewter 
mould must be very perfectly made, and should be bright inside ; and if 
the balloons are flllcd with oxygen and hydrogen, allowing a sufficient 
excess of the latter to give an ascending power, they explode with a 
loud noise directly the fire reaches the mixed gases. 

Twelfth Experiment, 

In a soup-plate place some strong soap and water ; then blow out 
a number of bubbles with a mixture of oxygen and hydrogen ; a loud 
report occurs on the application of flame, and if the room is small the 
wmdow should be placed open, as the concussion of the air is likely to 
break the glass. 

Thirteenth Experiment. 

Any noise repeated at least thirty-two times in a second produces a 
musical sound, and by producing a number of small explosions of: 
hydrogen gas inside glass tubes of various sizes, the most peculiac 
sounds are obtained. The hydrogen flame should be extremely small^ 
and the glass tubes held over it may be of all lengths and diameters ; 
a trial only will determine whether they are fit for tne purpose or not. 

Fmirteenth Experiment, 

Flowers, figures, or other designs, may be drawn upon silk with » 
solution of nitrate of silver, and the whole being moistened with water, 
is exposed to the action of hydrogen gas, which removes the oxygen, 
from the silver, and reduces it to the metallic state. 

In like manner designs drawn with a solution of chloride of gold are 
produced in the metallic state by exposure to the action of hydrogen 
gas. Chloride of tin, usually termed muriate of tin, may also be 
reduced in a similar manner, care being taken in these experiments that 
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Sixteenth Experiment, 

During the combustion of a mixture of two volumes of hydrogen with-J 
one of oxygen, an enormous amount of heat is produced, which is use — 
fnllv appiied in the arrangement of the oxy-hydrogen blowpipe. The^ 
tlamc 01 the mixed gases produces little or no light, but when directed.] 
\m various metals contained in a small hole made in a fire brick, a most^: 
intense light is obtained from the combustion of the metals, which is— s 
variously coloured, according to the nature of the substances employed. ^ 
With cast-iron the most vivid scintillations are obtained, particularly i^ 
nftcr having fused and boiled the cast-iron with the jet of the two gases, 
one of them, m., the hydrogen, is turned oflF, and the oxygen only 
directed upon the fused blall ot iron, then the carbon of the iron bums 
with great rapidity, the little globule is enveloped in a shower of sparks, 
and the whole affords an excellent notion of the principle of Bessemer's 
)>atent method of converting cast-iron at once into pure malleable iron, 
or by stopping short of the full combustion of carbon, into cast-steeL 

The apparatus for conducting these experiments is of various kinds, 
and different jets have been from time to time recommended on account 
of tlieir alleged safety. It may be asserted that all arrangements pro- 
loosed for burning any quantity of the mixed gases are extremely aan- 

^rous : if an explosion takes place 
it is almost as destmctive as gun- 

Sowder, and should no particular 
amage be done to the room, there 
is stiU the risk of the sudden vibra- 
tion of the air producing permanent 
deafness. If it is desired to bum 
the mixed gases, perliaps the safest 
apparatus is that of Gumey ; in this 
arrangement tlie mixed gases biibble 
up through a little reservoir of water, 
and thus the gasholder — viz., a 
bladder, is cut off from the jet when 
the combustion takes place. (Eig. 
120.) This jet is much recom- 
mended by Mr. Woodward, thehighly 
respected President of the Islington 
Literary and Scientific Institution, 
^ «n be fitted up to show the phenomena of polarized light, the 
^gg|Mie, wd other interesting optical phenomena. 
■^r^Jo^^nffd states, that a series of experiments, continued during 
■^■^^|a» proved, that while the bladder containing the mixea 
'"^ ?T ^^f ntessore, the flame *caunot be luade to pass the safety 
"** mjt etmacquently an explosion is impossible ; and even if 
BIB ttTeLeasness or design, as by the removal of pressure or 
^sMi. d. % Bpw^ ^*^ ^^ bladder, an explosion occurs, it can 
^^^^ jjw tothe momentary effect of the alarm occasioned by 




Ite. UX Gorney's jet., x. Pipo with 
jIqb^mIl lending from the gas-holder. 
■LTbr Httk retexToir of water through 
^rtnch tbe mixed gases babble, c. The 
M «k(f« the gM>08 bum. d. Cork, which 
Vttamoiit 
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ie report ; whereas, when the gaset are used in sepimtte hift oniira' it 
insrare of two or three half huulredwdgtitfi, if liu: pcessuK on vne uf 
lie tugs be accidenttdl; removed or sospeuded, the ^ from Uie other 
nD be forced int^ it, uid if not discovered in time, will ocvattitin ou ex- 
^ouoa of a verr daagerons eharaol*r; or if tJirou^ tarrlnssueie oue 
of the partiallj emp- 
tied bags shouM be 
IQed up with the 
ntmggas, effects of 
aa equally perilous 
nature would eome. 
In the oij-hjdro- 
gea hlointipe usnally 
eiDiikije^ the gases 
are kept quite sep^ 
nte, either in gas- 

■od are conveyed by 

dirtiitct pipes to a . ^^ ™ut„.^^ „„ ,„ ~,-,„i. _» i™^ 

jet of VCfy simple vf^inf 017x0, ■udfittib^lDmilvtLelAi'pT tube ■B.iovUdi 
constroction, devised '•••otOiiat^nof^a-'^B.i^apM^^akibtbtiinmar^ 
L ^t. I X Ti_ r OQTCT- A. TW anbx near wbiob tiu n«e* dul and wben 

tar the lat* Professor they ut bnmt. 

iMnieU, where they 

nix ID very small volumes, sod are burnt at once at the mouth of the 

JM. (F«. ft2.) 

Tae fpta art stored either in copjiEr gasometers or in air-ti^t bags 
pf Uiaatoeb cloth, capable of containing from four to six cubic feet of 
— * -Bill pnmded with pressure boards. The boards are loaded with 
Ir tluee fifty-RS pound weights to force out the gas with snfficieiit 
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pressure, and of course must be eaually weiffhted ; if any change of 
weight is made, the stop-cocks should be turned off and the light put out, 
as the most disastrous residts have occurred from carelessness in this 
respect. (Fig. 123.) 




Fig. 123. Gas bag and pressure boards. 

t 

The oxy-hydrogen jet is further varied in construction by receiving 
the gases from separate reservoirs, and allowing them to mix in the 
upper part of the jet, which is provided with a safety tube filled with 




Fig. I2k A A. Board to which b b is fixed, o. Oxygen pipe. h. Hydrogen pipe, 
c 0. Space filled with wire g^uze. d. Lime cylinder. 

circular pieces of wire gauze. (Fig. 124.) With this arrangement a 
most intense light is produced, called the Drummond or lime Bght, and 
coal gas is now usually substituted for hydrogen. 
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object. The re*'^". i^T^ari ". i-r i.-r ": ::::■: -1-": ■; ..-"i/- •- 
^fiich the cTLses scrir- :•:• '.r :-:_:t-"3:i iz: ■•■::r'i" -i". i - :.: ■ ■: : 
%t enables thezi :o ih:i:ii::L :!=_• r"..i''r: .: ri": :i.. - '..■ : " i* -:' 
»ater. 

When Sir H. D-tt lz7zz^<:l 'L': j-.:V.--..jl- .- t.. iti-- :..- .-. 
^trtain cxplosiTe c:::i:"::zi :: :":.:• z.: __ r.:i. : z>-. ■■.■- i-..:: ■ 
jaaip was extiniTviisLei a-i ir. "^itT "i:.!: ~i^ ^. ■ ^- • :.::■-•.•- ■— 
^n ihe drearv darksesa ai-i •.zr.r.:tir.:r< :: "it :.-...■-■.•' v. 
Jueuns of seeimr the vra- -,-1:. 1* i^T^e: li jlj-vi.: ,.-. i.— ..: : -:• • ■ ■ -■ ■ • 
^nin platinum wire, whicb. wi* ".Izi .-:ii_: -.-.^ l.i.v..: .:' -.-.-■■ i : 
fixed properlv, so that :: c-.:ili -:" '.r ;.::- = : :.■■.:: .■= •■. :»^- • :.• - 
Juiv accidental shakinz. VTLsil •'..* ™;.v t .: " ..t • i:'"' .1 . i ,• 
platinum wire attached. Wis acclir:;.-..;!!- ^--.jir.-'.-'- •; ~-. t -- 
atmosphere in which it ^i> r/:7z.::.L\ ':.^. ;-:'.i : v. "'. " ■-"■=. " ". - : : , ■ - / 
with an intense heat, and ccLtJ: -ri :: -.:-.- ..4:.-. -./ ..-.:• :. .~ • •■.: ■ : 
in the dangerous part cf tL* :„:i*. i.- r: ^^"''' v :•■.-.*. '.:•■'. 
vho might use the pla'inir-i :o "ikr :ri.*^ - ..:- ;.■. ;■- .-. . ' '.■-. 
thin wire passed oithiJ* *"--» ^i:t r-.z*^. :'.: "". ..-.-.. .•■■:.-.- 
that, if igmted outside the -rire raiz ;':'.-:---•. .* --.:,.: ..:.•*..!.•.* •;..> 
iire-damp. 
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*>» ts Uk a^m. n* >i» « pMid Ono^ kelH «iie<nstiTe of tha 
« lU l■«ct-^JI■i^■ ■,ud« SudfcAcOrBH^r^ URh jif Hut tlia 
fivbi. TiroslMaMatlMiriikv^BidAikMwitk m^ adTaneed I 

53!iSBi—iwU^iawrorfl»»^». Ttevfuactf ut edmbinatiim t 
dbwMia or 111* const <rd»&iklT gtii ami ujiumji^ 

annn a w* »..».. » emndtj. presence of cleM 

miD foil, and more especiallj wbcn ire coosidec the operation of ( 
gu b*ttenr, in which a carrent of elertricitj is produced by pii 
pktinnmfoucoTered with finclj-diridedphtiiiDm, called platimun^^ 
aub piece ii conUined in a separate glass tube filled altenMt«f 
tFtJgea mi bydrofjen, and by coDnecting a great number of thr-* 
ft cnrrmt of electricity is obtained, whilst the oxygen and hydr^ 
tlowly dworbed and disappear, having combined and formed 
•Ithoogb placed in separate elass tubes. (Fig. 12G.) 

The nnalykii of water is suown very pcrfecttj on the screen 
Up tame t«rj »niftU lubes and platinum wires in the same n 
Rlicnm in flg. 1!S. The vessel in which the tubes and wires 
Uiaei with tbc dilute sulphuric acid must he small, and arranged: 



..Jl nloeij Into Iho »iiiicc usually filled by the jiicture 
mifila htatcrn. or, utiU belter, m one lighted by the oxy-hydn 
UiiM llffhi. if tlie dilute ac'id is coloured with a little sdntiDn of 
lbs irailniil dkirlaoetnenl of the fluid bj the production of the twc 
ll rtrj JuatuQilJ developed on the screen when the small voltaic ht 
, llBttMlimt lallm xppimtui; tind of course a large nomber of p3 
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, largo Domber of p^ 

Wkiali llifl u«|mrlr[i(iut ai the same time. '! 

lib mpwt ti tite ^[iplicatioii of the li{^t produced frooi a N 
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p.lBHrtfdbTllwElDirpipe lo a „ 

■in iataia alibi f^Mmt. E«4i pw- gf tsba 1> 

^=19 vmfl ^fcBtv nlphone kid, and the 

b (he (njgni tab^ c^ of the dclL w w. 

be mixed gases tUrown upon a ball of lime, it ma; be stated that, for 
ai^ jears the dissoking liew kutcms and other optica! effects hare 
W produced with the assistance of this ligkt ; ana more latel; Major 
fitmuirice has condensed the mixed sases in the old-fasliion^ oil 
tEcrirers, and projected them on a ball of lime; and it was this 
„ it thravn from monr similar arrangements that illnmioated the 
Gitish mea-of-war irhen Napoleon III. left tier Majesty's vacbt at nigbt 
it) llie docks at Cherbourg. 

Mr. Sytes Ward, of Leeds, has also proposed a most simple aDdeicel- 
Imi Indication, of the oxj-hydrogen liglit for illiimination vKdef the 
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CHAPTER XL 

CnXOKIXE, IODISE, SaOtDSE, I 
The four Udogem, or Fndtttri of Saittameei lUr Sea Salt. 

.jlorine (jXuipor, green). Symbol, CL Comhmnfpn3pottkm,S5-i. 
S^Kcific griivit;, 3'44. Scbeele termed it iepbiapttiaitd moiii&c 
■cid; Lavoisier, oijmnriatic acid; Davy, chlorine. 

The consideration of the nature of tlus important elemad iBtradaen 
to Dtu notice one cf the most oiigisal caemists of tbe e^t«eath 
eenturj — viz., the illustrioDs Scheele, <rbo was bom at Slralsnnd, in 1718, 
■ai in spite of everj obstacle, fighting hia " battle of life" with NebaB 
■nd aorrov, be snccecded in making some of the most ralu&Ue dift- 
Goreries in science, and amongst them Uiat of chloriuE gas. It vie in 
the eiaminalion of a mineral solid — vi;, of manganese — tiiat Scheele 
snde the acqn^tanoe of a new gaseooa clement; and in a higblj 
(nigiiial dissertation on manganese, m 1771, he describe! the mode of 
'pDenrlng what he termed dephlogitiicalei tmrialic atdd — a name which 
B certainly to be regretted, from its absnrd length, bnt a title which 
•U itrictlj in ttECordance with the then estabUthed theorj of phic^;i(ton ; 
)ul if the latter is considered sjuonjmons with hjdrogen, qoite in 
wonlance with our present views of the nature of this elemrail. 
Sdiede discovered the leading characteristics of chlorine, and especiallj 
i) paver of bleaching, which is alone sufficient to place this gas in a 
•1^ coDunerdal position, wbeti it is considered that all our linen used 
fiwiwlj to be sent to Holland, where tbey bad acquired great deiterity 
Bthe ancient mode of bleaching — viz., by eipoaure of the fabric to 
Uuojpheric air or the action of the damps or dews, assisted greatiy by 
tieagencyof light. Some idea maybe formed of the present »alae 
ot ctiorine, when it is stated that the linen goods were retained by the 
Dnteh bleachers for nine months ; and if the sprii^ and summer hap- 
pened to be favourable, the operation was well condncted; on the other 
wA, it cold and wet, the goods might be more or less injured by con- 
linul exposure to nnfavourable atmospheric chan^. At the present 
(in^ as much bleaching can be doce in nine weeks as might formerly 
hat been conducted in the same number of months ; and tlie whole of 
Uie ptnoess of chlorine bleaching is carried on independent of external 
ItfHMpheric caprices, whilst the money paid for the process no longer 
ptues to Holland, but remaios in the hands of our onu diligent 
blocheis and manufacturers. 

First Experiment. 

Ai Scheele first indicate:], chlorine ia obtained by the action of the 

black oxide of manganese, on "the Spirit of Salt," or hydrochloric 

Kid ; and the most elementary and instructive espedment snowing its 

preparation can be made in the following manner ; — 
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Place in a clear Tlorence ail-flaalt, to nhicH acork cmd bent tube hava 
been first fitted, some strot^ fuming hydfochloric acid. Arrange tii^ 
flaak on a rm^ -stand, and iSen pass the bent tube either to a Wolfe'a 
bottle conttumug some pumice stone moisteoed with oU of vitriol, of to 
a glass tube containing- 
either pumice or as — 
bestoB wetted with th^ 
same acid. Another 
glass tube, bent iLt: 
right aisles, passed 
away from the Wolfe's 
botfle into a reccivia^ 
bottle. (Fig;. 130). On 
the application of hea^ 
the bjorocbloric gas is 
driven off from its ao- 
intion in. water, and 
any aijueoiis vapoar 
carried up is retoineii 
b^ the asbestoB or pu- 
mice stone wetted 
leTwu^^ with oil of vitriol ;thB 
ioing pumieo- application of the lat- 
llS-ISd?^™ ter is called Ay.>j^^ 
sat — I.e., depriving iv 
of all moisture ; some- 
times the salt called chloride of calcium is used for the same purpose, and 
it must be understood bj the juvenile chemist that gases are not dried 
like towels, by exposure to heat, or by paUing them in bladders before Ik 
fire, as we once beard was actually recommended, hut by causing the gu 
charged with invisible steam to pass over some substance having a grest 
affinity for water. The dry hydrochloric gaa falls into tbc bottle, anddii- 
places the ^, being about one-fourth heavier than the latter, and gradu- 
ally overflowing from the mouth of the vessel, produces a white smoke, 
which is found to be acid by litmus paper, but has no power to bleacb, 
and is not green ; it is, in fact, a combination of one combining pro- 
portion of cluorine with one of hydrogen, and to detach the latter, and 
act the chlorine free, it is necessary to convey the hydrochloric gas lo 
some bod^ which has an affinity lor hydrogen. Such a substance is 
provided m the use of the black oside of manganese, which is placed 
either in a small flask or in a tube provided witli two bulbs, and when 
heated with the lamp it separates the hydrogen from the bydrochlorio 
gBS, and forms water, which partly condenses in the second bulb. And 
now the gas that escapes is no longer acid and fuming with a while 
smoke on contact with the air; but is green, has a strong odour, 
bleaches, and is so powerful in its action on all living tissues, that it 
must be carefully avoided and not inhaled; if a small quantity is acci- 
■dcntally inhaled, it produces a violent fit of cougliing, which lasts a 
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The mode of prqarii^ ffclnmr, m alm^ givta, Ikomi *«y fi- 
UnkctiTe, is troableione lo pedaim; a mks mJh fnttm Mf tww- 
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fve be described :- 

Ponr some strot ,__ 

bnuuiese contained in a noimee o _ _ _ _ 

U tiie black povder ii vetted Witt liK add M dHt MM of it db» to tte 
bottom of the flaik in tiuidi7 (Uletoeiue tfce ^Mi to laef «« Uw 
qipltcation of heat. A. eofk and best ^tm t«l« 11 Bov iHaffcfd^ nd 
tDDTejed to the pnevnuitiB tnm^; on Um appJierikiB of heMt U Ifcs 
nctare in the flask Uie ddomie ii ewilTed, aad maj be eoUeotad ia 
toppered bottlea, tbe lint portiM tint cMuei^ OlhioBA U codt^d* 
tmimfbaie air, sbonU be eue&dlf eaUeded in otder to pnral taj 
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accident from inhalinfr the gas, and it will do veiy well to iUostcq 
bleachinii; power of iJie gas, and therefore need not be nastedilii 
above process maj be described in symbols, all o! which lire caaiM 
] pherea bj reference to the table of elements, page 8li. 
MnO,+2 HC1=MdCI+2 IIO+Cl. 

Third Sxperiment. 
Another and still more expeditions mode of prepsring a little chit 
is by pkcing u small beaker glass, containing h^f an ounce of chlorii 
lime, usually termed ohlorid 
lime or bleaching powder, 
fully at the bottom of a dee{ 
large beaker glass, and the 
means of a tube and funnel, 
Teying to the cliioride of 
some dilute oil of vitriol, 
posed of half acid and 
vater ; efferreacence imi 
ately occurs from the esca] 
chlorine gas, and as it is 
duced it falls over tbe aid 
the small beaker glass inti 
large one, whea it may be 
tinguiahed by its green co 
If a little gas be dipped out 
a very small beaker glosE 
ranged as a bucket, and pr 
into a cyEndrical glass coi 
ing some dilate solution o 
digo, and shaken therewith 
colour disappears almost in 
taneously; and if a jiiec 
Dutch metal is thrown inti 
beaker glass it will take fi 
enough chlorine has been [ 
rated, or some very finely- 
dered antimony will demons 
the same result. Thus, v 
'Tbe'littla baker used u a l^yf beaker glasses, some 

ride of lime, aolphnrio ac 
solution of indigo, and a little Dutch metal, the chief propertii 
oHorine may be displayed, (Kg. 132.) 

FaurlA Ecperimenl. 
' Into a little platinum spoon place a small pellet of the metal sod 
•ud after heatiag it iu the flame of a spirit lamp, introduce the i 
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into B bottle of cUlorine, when a most intense nnd brillknt combagtion 
HXmrg, throwing out a Tiiid yellow ligiit, and tlie heat is frcqtiputly so 
pat that the bottJe is cracked. After the comboation, and when the 
Httle is cool, it is usuidl; lined with a white powder, which will be 
Inmd to taste esactk tbe same as salt, and, in faet, ia that mb»tBDCe, 
fiodnced by the combination of chlorine, a virulent poison, with tbe 
Betal sodium, which takes tire on contact with a small (juantity of 
ntu; and hencG the use of salt for the preparation of chlorine gai 
*li«i it is required on the large scale. 



Black niiile of manganese . 
Sulphuric acid .... 
Water 



Fifth EzperiaeHl. 



Some Dutch metal, or powdered HQtimony, or a bit of phosplionu, 
immediately takes fire when introduced into a bottle coctaininic chlorine 
ni, Farming a series of compounds termed chlorides, and demonslratiiig 
bf the eTolotion of heat and light, the energetic character of chlorine, 
ud that oxygen is not the utily supporter of combustion; chlorine 
tfi bas even, in some cases, greater chemical power, becatue some 
time elapses before phosphorus will ignite in oxygen gas, whilst it takes 
fire directly when placed in a bottle of chlorine. 

SUih Expermeat. 
Tint weight and bleaching power of chlorine ate well ihown by placing 
a solution of indi^ in a tall cylindrical glass, leaving a space at the 
lop of about five inches in depth. By inverting a bottle of chlorine 
over the mouth of the cylindrical glass, it pours out like water, being 
liwut two and a half times heavier than atmospheric air, and Iheo, after 
placing a ground glass plate over the top of the glass, tbe cblorioe 

IS rec<^nised by its colour, whilst tbe bleaching p ■- ■' ■—•-J 

iinmediately the gas is shaken with the indigo m-'' 

Setenih EiperimeiU. 
As a good contrast to the last eiperimrait, anotbei Cjltndricsl jir of 
e same size may be provided, coatunii^ a talution of iodide of potw* 
im with some starch, obtained by boilug a teacpoonfol of arnnmot 
with some water ; any chlorine left in tlic bottle (luth experimeiit) mar 
be inverted into the top of this glass and shaken, wnen it totn* • bCHI^al 
jwrple blue in consequence of the liberation of iodine by tbe chlorine, 
whose ereat«r affinity for tbe base produces this result. The colonr U 
tenaedliy the anion of the iodine and the starch, wbicb form tOfcelher ■ 
kautifo) purple compound, and thus Ibe apparent aniimalj of dntrqyinf 
kod producing colour with the same agent a esplained. 
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Eiffhih Sxperiaml. 

Djt chlorine does cot bleach, and this fact ta easQy proved by tafcingr 

a poriectlj drj bottle, and putting into it two or three oimees of fused 

chloride of calcium broken 

in small lumps, then if a 

bottle fuU of chlorine is 
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g the chloride of cal- 
cium, taking tlic precau- 
tion to arran^ a few 
folds of blotting paper 
wA a hole itt tbc centre 
n the top of the latter to 
Catch any water that may 
rim out of the chlorine 
I bottle at the momeat it is 
cited, tlie gas will be 
I dried by contact with the 
I chloride of calcium, and 
a piece of paper, with 
the word chlonne written 

Vg.ua. * A. DtT trotUe, ™tUni»B chloride of "'' ^f- ^}^^ ^^^^- ^^ 

(jflij&m. Jt. Bottle of chlorine. The irtow mdinites lliB previously made hot and 

" ■" ■" "" "' ' '"> dry, ia placed in the ehlo- 

rise, no change occuig, 

but directly the paper ia 

removed, dipped in water, and placed in a bottle of damp chlorine, the 

colonr immediately disappears, {Fig. 133.) 

This esperimeut shows that chlorine is only the means to the end, 
and that it decomposes water, setting free oxygen, which is supiioaett to 
exert a bi^b bleacliing power it its nascent state, a condition which man; 
gasefi are imagined to assume just before they take the gaseous state, n 
sort of intermediate Unk between the solid, or fluid and the gaseous con- 
dition of matter. The nascent state may posaiblv be that of ozone, to 
which we have already alluded as a powerful bleacliing Bgent. 



Ninth Bxpennejii. 

A piece of paper dipped in oil of turpentine emits a dense black 

smoke, and frequently a flash of fire is perceptible, direotlj it ia plunged 

into a bottle containing chlorine gas ; licre the ^as eonibmes only wltl^, 

the hydrogea of the turpentine, and tbc carbon is deposited as soot. 



Testh Experiment. 



If a lighted taper is plunged into a bottle of cidorine it continues 
bum, emitting an enormous onnntity of smoke, for tlie reason idreadi 
explained, and demonstrating tLc perfection of the atmoaphcre in whici 
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ve Utc and breath, and showiqt di* hi 
^one properties as chlorine, Uw ^bAihIm 
and carbon would have been unaMAlc^ is 
quAntit.j of soot which vonld ncvebna 

ea pr 
Bs which cannot oe inhaled, aad 
KKise confined for a shoit time will la 
zone is the extcaordina/j 
xjgGu ; the element in the ( 
I liatmless, and is the one wtudi eatca 
o Ui^clr into the compoaitioii cf tke ail 
re bteatiie. 

Menentk Experiannt, 
WUen one Tolune of olefianl km (pre- 
pared bj boiling one meuore of alooW 
and thre« of sulphuric add) ii wied 
inth two Toliunes of chlorine, ami tbe tvo 
a^tated l^^therioalcoig^aMvca- 
sd for a few seconds, with a gtaw pbte 
onr the top, which sbtnld ba»e a vdt 
gnnuid perfectly Sat, the; nnite on the m- 
plication of flune, with the prodnduB Ms 

rt cload of bhtck smoke, uwng fron 
deposited carbon, whilst a Mrt «f 
narin^ noise is heard during the time 
■bit the Same passes from the lop to lie 
li»t of the glass. (Fig. 134.) 




Twel/IA EzperimejU. 

Fonnerlj Bandanssh handkertJuefa 

*erc in tlie highest estimation, and no 

pntleman'a loiJet was thoo^ '-'" 

Titbont one. The pattern wi 

linplest kind, consisting only of vhite 

Kl» on a red or other coloured gnnuid. 
M EpolB were produced in a very in- 
Bnimia manner bj Messrs. Moateith, of 
olMgow, bj pressing togelht " " 
lijois of silk wilb leaden plates perforated 
nth holes ; a solution of chlorine was 
ftcn ponred upon the npper plate, and " 
pOFUre being applied it penetratal the c 
rtde masa in the directbn of the holes, 

Edtaehiug out the colour b its passage. This important commercial 
Rtoh may be imitated on the small scale by placing a piece of calico 
ijti vith Turkey red between two tliick pieces of board, each of which 
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a perforflted with a hole two inches in dinmeter, and coirespondinc 
iccuralelj when one is placed upon the otber. The pieces of boEird 
maj be saneeEed together in an; conveuicnt traj, citner b; weights. 



strong vnlcaciied india-rubber bauds o 




and wlica a strong 
solution of chlorine 
gas or of chloride of 
lime is poured into 
the hole and percO' 
ktes tlirongh the 
cloth, the colour is 
rcmored, and the 
part is bleached al- 
most instantaneouslj 
by first wcttine the 
calico with a little 
weak acid, and then 
pouring on the solu- 
tion of chloride of 
lime. On removing 
and washing- the fof 
ded red cahco it is found to be bleached in all the places exposed to the 
solution, and is now covered with white spots. (Fig. 135.) 



Iodine (IiuSi|e, violet coloured). Symbol,!; eonibining proportion, 
127'1 ; specific gravity, 4948. Specific gravity of iodine vapour, 8-71G, 

In the previous chapter, devoted to the elemeot chlonne, little or 
nothing has been said of that inexhaustible storehouse of chlorine, 
iodine, and bromine — viz., the boundless ocean. Someone has remarked 
that, es it is possible the air may contain a little of everything capable 
of nsBuming the gaseous form, so the ocean »m,j hold in a state of solu- 
tion "a modicum of every soluble substance, in proof of which we have 
lately read of some very important experiments resulting in the separa- 
tion of the metal silver from sea water, not certablj in any profitable 
quantitv, but quite enough to prove its presence in the ocean. 

No elaborate research is necessary to ascertain the presence of chlorine, 
when it ia remembered that Schafhautl has calculated, that all the oceans 
on the globe contain three mQlions fiftj-one thousand three hundred and 
forty-two cubic geographical miles of salt, or about five times more than 
the mass of the Alps. 

Now, salt contams about 60 per cent, of cldorme gas, and therefore 
tho bleachers can never stand still for want of it ; but iodine is not so 
plentiful, and was discovered by M. Comtoia, of Paris, in kelp, a sub- 
stance from which he prepared carbonate of soda, or washing soda ; bat 
as this ia now more cheaply prepared from common salt, the kelp ia at , 
present required only for the iodine salts it contains, as 
chloride of potassium. Kelp is obtained by burning dried ai 
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shallow pit ; the Bshes accumulate and melt together, and this fuM^ mus 
hrDlcen mto lumps forms kelp. The ocean bed no doubt has ita fertile and 
barren plains and momitnina, and omongit tbe so-called "oceaaic 
mcadotrs" arc to be mentioned tbe tiro immense group and bands of 
Ka-treed called tbe Sargasso Sea, wbich occapy altogether a ipoce 
exceeding six or seven times the area of Germonj. 

Tbe iodine is contained in tlic largest proportion in tbe deep sea 

ElmtSj aiich as the long elastic slems of the fucus palmatus, Se. Tbe 
elp is lixiviated with water, and after separating all the eiystallixable 
salts, there remains behind a dense oilj-looking fluid, call«l " iodine 
kj," to wbich sulphuric acid is added, and after standing a daj or two 
tlie acid " lej" is placed iu a large leaden retort, and healed geoUj j 
with black oxide of manganese. Tbe chlorine being produced verf ■ 
dowly, bberatcs the iodine, as already ie- 
monstrated in experiment seven, p. 133, 
and it is collected in glass receivers. 

Iodine, when qnite pure and well crys- 
tallized, has a most beautiful metallic lustre, 
and presents a Uuisb-black colour, afford- 
ing an odour which reminds one at once 
of the "sea smell." 

Firal Experiment. 

A few grains of iodtoe placed in a flask 
may be sublimed at a very gentle heat, and 
afford a magnificent violet vapour, which 
con be ponred out of tbe flask into a warm 
bottle. If the bottle is cold the iodine 
condenses in minute and brilliant crystals. 
(Fig. 136.) 

Second Experimeitt, 

Upon a thm slice of phosphorus place a 
few small particles of iodine ; the heat pro- 
duced by the combination of tlie two cle. 
nents soon causes the phosphorus to take , _-,- r — -^ 

gj^ r r lo cut off the halt ftom the ipljit 




Third Ezperimeiil. 
Heat a brick, and then throw upon it a few grains of iodine; by 
hdding a sheet of white naper behind, t!ie splendid violet colour of the 
npoor ia seen to great advBntace. It was by tbe discovery of iodine in 
the ashes of spouRE — which had long been used as a remedy for goitre, a 
ttmartable glandular swelling — that this clemcut began to be used for 
medical purposes, and the important salt called iodide of potassium ia 
Vnr used in large quantities, not only in medicine, but likewise for that 
matt fascinating art, which has made its way steadily, oud is now 
pnctised so extensively, under the name qS pkotografhy. 
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THE iEI OF PHOIOGBAPHY. 



It was the great George Stephenson who asked the late Dean Backland 
the posing question, " Can jou tell me what is the power that is driviny 
that train F alluding to s. train which happened to be passing at the 
moment. The learned dean answered, " I suppose it is one of jour 
big enKines." "But what drives the eogbef" "Oh, teit likely a 
cannj Newcastle driver." "What do jou say to the light of the sun?" 
" How can that be ?" asked Buckland. "It is nothing else," said 
Stephenson. "It is light bottled up in the earth for tens of tbonsands 
of years ; light, ubaorbed by plants and vegetables, being necessarr for 
the condensation of carbon during tbe process of their Kronth, if it be 
not earbon in another form ; and now, after bemg huned in the earth 
for long ages in fields of coal, that latent light is again brought forth 
and liberated, made to work — as in that loocmotive^for great hnmon 
purposes." 

Such was the opinion of tlie most original and practical man that 
ever reasoned on philosophy ; and could ne have lived to realize the 
thorough adaptation and business nsc of light in tlie art of photography, 
he woiild have said, man is only imitating nature, and in producing 
photographs he must employ the same agent which in ages past assisted 
to produce the coal. 

In another part of tliis elementary work we shall have to consider 
the nature of light ; here, however, the chcDiical part only of the 
process of photography will be discussed. 

Many years ago (in the year 1777) Jenny Lind's most learned 
countryman, Scheele, discovered that a substance termed chloride of 
silver, obtained by precipitating a solution ot cliloride of silver with 
one of salt, blackened much sooner in the violet rays than in any other 
part of the spectrum. He says, "Fix a glass prism at the window, 
and let the refracted sunbeams fall on the floor ; in this coloured light 
put a paper strewed with luna corniia (horn silver or chloride of silver), 
and you will observe that this horn silver grows sooner black in the 
violet r^ than in any of the other rays." 

In 1779, Priestley directed especial attention to the action of light on 
plants; and the famous Saussure, following up these and other ejiperi- 
ments, determined that the carbonic acid of plants was more generally 
decompoBed into carbon and oiycen in the blue rays of tbe spectrum; 
these facta probably suggested tne bold theory of Stephenson already 
aUuded to. Passing by tho intermediate steps of photogrsphy, we 
come to the secondyear of the present centu^, and find in the Journal of 
the Hojal Institution a paper oy Wedgwoo^ entitled " An Account of 
a Method of Copying Paintings upon Glass, and ot making Profiles, by 
the Agency of Xight upon Nitrat.e of Silver ; with observations, by 
H. Davy." Such a paper would lead the render to suppose that very 
little remained to be effected, and that mere details would qnicWj — 
establish tbe art ; but in this case the experimentalists were doomed f 



THE ABT OF PHOTOOKAPBT. 

dBRppotDtrnent, as, after prodncing their jAotogtnltt, 11 
■^them permanent; the; bod Dot jet ducoTcreatbe ■ 
" 'ictnres. Nearly fourteen jean elmfmed, when t*" 
tkkeu up faj Ni6p<!e, of CbalouB, «itb liUle Encen 
vas conceraed; and twentj-seteo jean had pai 
iments of Wedgwood and DavT, »heii, in 1829, 1 
erecated a. deed of co-partiienh^> for ninlgallj a 
:. Theae names wonld suggest a tafod mgnm ; I 
ten jears again roUed awaj, the taUusr tiiioei 
died, and a new contract waa made betven ue _ _ 
_ _, when, in Januarj, 1839, the bmoos dimxtterj L 
lo the world, and in July of the taue jeu the Fr^iefc^ 
granted a pension for life of six thausaod fraact Lo Dif 
(our thouaaod to the son ot Nifipce, »ho had so itorthilf oob 
iriments commenced bj his lather. Hie triomph of the U 
Lperimentalists was not, howerer, to be timqae. 
._ iher patient and laboriou* pbiloM^itr bad eomp 
Ij the same kind of resnlta as Ihote obtaiiied bj t 
-1. Mr. Fox Talbot,in Engknd, bad immortalized h 
which w ' n 1 .1 n. ii-- _ . 1 » 1 

l^mt was securer 
JditoTy of the art, i 



B experimen 
^H french I 



« called the Tilbotrp^ aj 
1 1841. Havins tbos has^j ski 



e maj now proceetf to the d 

Firil Erpmaail. 

A. photogenic drawing, so called, but now termed a ^otUive MM', i> 
prepared bj placing some carefullj selected paper, which u free froiB 
mots or inequalities (good paper is now made DJ several English maau- 
acturers, although some kinoa of French paper, Buch as Cansan's, ore 
IB high repute), in a aquare white hard porcelain dish containing a 
Hlubon of common salt in distilled water, 109 grabs of salt lo the pint 
^ paper is steeped in this solution for ten minutes, and then taken 
out and pressed in a eUan wooden press, or it should be dabbed drj on a 
^m flat surface with a eleaa piece of white calico, which maj be kept 
iMciallj for this dutj and not used for anjthiog else, and it Is well that 
lU vfmld-be photographers should understand that neatness and cleanli' 
DOB are periectlj indispensable in conducting these processes. If a 
dcwn were required for the armorial bearings of the art of pboto- 
gi^j, it might certainlj he most fanciful, ont the motto must be 
AMauMfM ma neatnea, and in preparing paper it shoold not be unne- 
©■arilj handled, but lifted by the comers onij'. The object of dabbing 
tbe piper is to ptevent the lalt accumulating in large Quantities in one 
put of tbe paper and the reverse in another, and to distribute the salt 
(qoallj throogh the whole. The paper being now dried, is called salted 
Ma, and is rendered sensitive when required bj lajing tt down on a 
MBtixin of atrtmonio-nitrate of silTcr, prepared bj adding ammonia to a 
•alatian containing aiitj grains of nitrate of silver to the ounce of dis- 
tiUed waUx, until the whole of the oxide of silver is re-dissohed, except 
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a very small portion. A few drops of nitrie acid are also racom- 
Bieiided to be (uidcd, and after allowing; the solution to stand, it maj be 
poured off quite cltar, and is readj fur use either in the hath, or if _ 
ecoDomj miut be rigidly adhered to, the salted paper tnaj be laid flit ' 
on a board, and held m its place nith four pins at the comers, and theit 
just enough to wet the surface of the paper maj lie run along the sii« 
of a g;laa» spreader, and the liquid gentlj arawQ over the suiface of Utt _ 




salted paper, which is allowed to dry on a flat sorface for a fen" -j 

and afterwards hung np by one corner to a piece of tape atretcW 
across the room, until quite dry, and thcu placed !□ a blotttng'bcw 
fitting into a case which completely excludes the light. Copying-pipet 
should be made at night, as the day is then free ^r all photograpUO 
opcratioua requiring an abundance of light. It will not keep long, sna 
saould be used the tiest day. 

A piece of taco, a skeleton leaf, a sharp engraving on thin jiaper, ana 
above all things, a negative photograph on glass or paper, is easily copied 
by placing the prepared paper with the preparedside (carefully protected 
from the light] upwards on any flat surface, such as plate glass; npoa 
this is arranged the bit of lace or the neeativc photograph nith the law 
or picture downwards, another hit of plate glass is then placed over it, 
and weights arranged at the comers; alter exposure to the imi's rays for 
thirty minutes, more or less (according to the dullness or bright aspect of 
the day), the picture is bronght ipto a dark room and esamiued ny the 
light of a eanSle or bj the light from a window covered with yellow 
calico, and after placmg a paper weight on one comer of the lact^ or 




stive pictiu'e, or copjw paper, it may be carefullj lifted in one 
% sad if the copy is sufficiently dark, is ready for fixing, but if it 
lint the lifted corner is eareinllj replaced, the upper glass is kid 
mdthe picture affaio exposed to tueLght. Should the position of tbe 
1 or negative be changed during the examiniitioE, re-enposnre is use- 
I, and would only proauce a double Mid confused picture, as it would 
mposaibla to lay the lace or tLe negative exactly in the same place 
lb) on the copying paper. 
tie manipulations just de- 
nbeJ are mnch facilitated b; 

Ka copying-frame or press, 
coQsiats of a sqnarc 
lodenframewithathict^te- 
^^ Tvindow ; upon tbis are 
Bed the negative picture and 
copying paper, and tlio t' 
brought m dose contact 
ms of a board at the bacl 
ised by a hand-screw. (Fig. 
I.) After the photogeme 
awing or positive copy is _^ 
■ken, it b fixed fay being paced 
a a solution of hyposulphite Fig, 
fl (oda, consisting of one fluid ^^\ 
Irace of saturated solution to Liii is 
■Itht of water. The saturated 
Hution of hyposulphite of soda is conveniently kept in a laree bottle 
-IBE, and in order to improve the colour a very little chloridB of 
is added to the fising solution, the picture must now be thoroughly 
nhed, dried, and pressed. 

Second Eipenmest. 
Another mode of preparing the copying pLipcr, called albumen paper, 
.. to take the whites of four eggs, and four ounces of distiUed water 
Kntuning one hundred and sixty grains of chloride of ammonium; 
ftese are Deaten up with a fork or a bundle of feathers, and us the froth 
fa produoed it is skimmed off by a silver spoon into another basin, 
tt a beaker glass, and bebg allowed to settle for twelve hours it is 
aiued through line mnslin, and is ready for use. The best paper is 
baled on the surface of this liquid for three minutes, taken out, and 
' ~ at ODCC on a hot plate. 

floating paper one eoraer is first laid down, and care taken not to 
-■ ! any air bubbles, which would prevent the fluid wetting the 
whilst the remainder of the paper is slowly laid upon the surbco 
fluid. 
f ^e alb'imcn paper is excited by laying it for five minutes on a 
D of nitrate of silver, seventy-two grains to the ounce of water, 
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and when dry it will keep for three days. This copying paper is 
in the BEtme manner as the Inst, and fre&h e^s onlj must be it 
its preparation, bccansc stale ones soon cause the copy to cbang 
blacken all over from the liberation of sulphur, wliich unites ml 
Hilver. The colour of the copy is sometimea impTOved by a saint 
hot potash, and by dipping the well-washed picture, after the use 
hyposulphite of soda, in a very dilute solution of hjdrosulphuj 

TAird Erperiaent. 

In the Daguerreotype process, a silver plate, after being thoro 
cleaned and polished, is exiiosed to the vapour of iodine, and ii 
rendered so sensitive that it may be at once exposed in the ca 
In the Talbo^pe process, Ihe same prineijile is apparent, and p^ 
prepared by nret covering its surface with iodide of silver, whi 
afterwards rendered sensitive to the action of light by means 
excess of nitrate of silver, as follows : — 

One side of a sheet of selected Cansan's paper is first ea 
(fay means of a spreader) with a solution of nitrate of silver [ 
grains to the ounce of watert, hung up in a darlt room and i 
it is then immersed in a solution of iodide of potassium ol 
hundred grains to a pint of distilled water, for five or ten mil 
and immediately changes to a yellow colour in consequence of th 
cipitatlon of the yel la ^v iodide of silver; it is t!ien wellwasheii 
plenty of water, and being dried, may be kept for any length of 
and is called "iodized paper." Light baa no action whatever nj 
To render the paper sensitive, three solutions are prepared in sq 
bottles, and marked 1, 2, 3. 

No. 1, contains a solution of nitrate of silver, fifty grains to the 
of water. 

No. 3, glacial acetic acid. 

No. 3, a saturated solution ofgallic acid. 

With respect to No. 3, Mr. William Crookes has shown, that 
a saturated solution of gallic acid is required in large quantitiet 
it is better to dissolve at once two ounces of gallic acid in ux o 
of alcohol (60° over proof) ; to hasten solution, the flask may b 
Teniently heated by immersion in hot water; when cold it shot 
filtered, miied with half a drachm of glacial acetic acid, and pies 
in a stoppered bottle for nse; so prepared it will keep nnaltep 
a oonsiderable length of time. The galhc acid is not precipitat-" 
this solution by the addition of water; eoneequentlj, if in a 
desirable, the development of a picture may be effected with u 
stronger bath than the one usually employed. To obtain a so 
of about the same strength as a saturated aqueous solution, su 
No. 3, half a drachm of the alcoholic solution is mixed with two o 
of water ; but for mj particular purpose, saya Mr. Crookes, reC 
to the was -paper process, " I prefer a weaker bath, which is pr 
bj miaing half a drachm with ten ounces of water." In either 
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1 iM iilrfw rf ■ 

^ ss the deTelopiiig vi^an ■■(■• to i 
'ng again to the Bahliaai mmk^ 1 

^^ .. . . memoTT in ni"'P# tfcc tnnaAw _ 
. >tcqiiired to be used ai tmte, a AoMbB tf taA M9 te 
pUier and spread orer the iiiiiwii Mor ^tt «Mn^ m • di 
lAich is then transferred to * dam It < I in iimit tf mhitw 
paKr, and being placed in the paps-Wder aan far lak^ te the 
mj Fiposed at once. If t^ piper » aot n^'iUBLd M t* *f*^ 
diildy, tlie solutions »ie Boal m the ^hhhibi irf ttr ^m^*h 
ouorNo. 1, twoof No.a,tb«afKa.3:^»mfc>Br 

Jtadrisablc to keep & meanoc *f'*iMly fiv Ko. 3;, the „_ . 

tke tlie measure, ii used far the Ikaee «afarin^ nD ha« t» ke^^ 
out every time, whicii is vt^ iBmUemm^ paitiuiU^ wAckb MMbr » 
EOt plentiful. 

Iftbe excited paper is »«■< ta he kept tome hom» htbnw$^ 
Ka. 3 most be added ia itill hnvjnMrtM«,MJMMiM *»««•■ 
twcBtf measorcs ofNo.3fa>t«a«fSio.X,^Mie<tfK«.l. b^ Mei 
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too ID1JCU reliance miut not be p 

diflappaintinff, after Talki&f 90— ... _ 

Menerj, to find, when derdofni^ tlie Retime is IJie eiaiiil& tiat tkc 
paper used was all spoilt bc&re esDOOore ; and it viU be se^ fmattOlj 
liai wben the excited p^ier is to oe earned tbo<& &r aae, it » bebUr 
to adopt the wax-paper proeeM. 

After the excited iodlied paper is expoaed >■ Hie tsiufra wd tte 
tine of exposnre cannot be tao^it, ae tut ^Mslitj is ooly aeqniied I17 
«perience, and may rary from fi»e to lltiil; nuiuitce. 



ible pictnre is derdi^ied and icadered ciaible, net by nptWue 
__ ._ :. T^ . ^jjjj gilVer pl»l«_ 



to the TBponr of mercury, as in Daenerre'B pi _ . -, 

hnt hya mixture of one of No. 1 witi four of No. 3. Tiie derelopineiit 
is carefully vatched by looking IJirough the oegatire placed before « 
lighted c^idle, and the time of derelc^ment q^t Tan- from ten to thirty 
cunutea, and all the time the picture must be kept vet with tiie 
solution, so that it is better perhaps to make a fastii of the fiolutioQ 
aiid lay the picfure on its surface than to pour the liquid over the 
poture. After the development is matured, the picture is ao» washed 
ti clean water, aad fixed temporarily, if required, by immcreioa ia s 
Uth containing 200 grains of bromide of poUesium in one pint of water, 
«r permanently b? tiie hjpoaulphite of soda, made bj ni )T'" g one part 
' of a saturated solution wilb five or ten of water, or one ounce of the 
Mil losii oitwdveof water; but, as before mentioned, it is better to 
ttep a Wincbetter quart fnil of a eaturs-ted solution of hjposuJphitfl 
of Kida, and then it b alwajs ready for use instead of emplojiny the 
Vei^ts and scales, and eontioually weighing oat portions of the salt. 
'" after fiiJB; is tborougUy washed witb water, and bein^ 



IS tiitodj A 



BOI^ PUTBOOC OF SdESCK. 

dried is now placed between the folds ot a wsi book — i^., some leaves 
of Uotlbc-inipcr are kept sUmated with white wax, and when a 
picture n p^ed between ibem, and a hot iron passed ovei the outside 
sheet, the wax enters the pores of tbe paper, and after remonng onj 
excess of wax bj passing the picture thrangh a book of bibuloas pafier. 
oier which tlie hot flat iron is passed, the negative picture at iast is 
' ' ' use, and aur number of positive copies may be taken &om it, 
J described m the first experiment, page 139. 

This mode of manipulation is called the Talbotjpe, and before 
dismissing the subject another process of iodizing the paper may be 
explained. 

To a solution of nitrate of silver of twenty, thirty, or fifty grains 
to the ounce of water, a sufficient number of the ci^tals of mdide of 
potassium is added, first to prodnce the yellow iodide of silver, and 
then to dissolve it, so that tbe yellow predpitate appears with a 
small quantity, and disappears with an excess of the iodide. If tiiis 
solution is spread over sheets of paper, and these latter then placed 
in a bath of water, the iodide of silver is precipitated on the surface, 
and after plenty of washing to remove the excess ot iodide of 
potassiiun, tlie paper may be dried, and will keep for anv length of time 
without change. This paper may be excited, exposed, developed, fixed, 
and waxed, as already explained. 

Fourth Erperiment. Tie War-paptr Proem. 

This mode of taking negative photographs begins where the talbo- 
tvpe ends — viz., by jftr»( waxing the paper perfectlj and evenly, as 
already explained, Cansan's negative paper being preferred. The wax 
paper is now well soaked in a bath, made by dissolving one hundred 
eraina of iodide of potassium, six grains of cvanide of potassium, 
four grains of fluoride of potassium, ten grains of bromide of potassium, 
ten grains of chloride of sodium, in one pint of fresh whey, with the 
addition of a little alcohol and a few grains of iodine. When soaked 
in tliis solution for about one hour, the paper is token out and hung up 
to dry. 

N.B. With respect to iodizing the wax paper, it is almost better to 
obtain It readv prepared, and then every slicet may lie relied on. Mi. 
Melhuish, of Hlaekheath and Holbont, supplies it m any quantity, and 
liii paper never fails; the operator has then only to perform the sensi- 
tizing and devebping processes. To rendertheiodizea paper sensitive it 
is immersed fot about six minutes in a bath containing a solution of 
nitrate of silver (thirty-five grains to the ounce of water, with forty 
drops of glacial acetic acid); the paper ia now removed, and wasiied in 



This prooew may bo performed on tbe previous evening by the light 
of a candle, or by day in a room lit by one window covered with four 
ihioknease^ of ycuow oalioo, and after the paper is dry it will keep for three 
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Ls or 91 montli, and mn; be RlpiMcd in 
r of dghteen-inch focus, wilb the ioeb 
nfivetoSfteenniiautes; inbadwe&ther 

I juctnre maj be carried liome and ro _. , 

unmeisum in a bath containing a HtontMl lohtiwirf aljg mii, 
1 u the developing continncit, a few dn^ of tW lOMitii^MMM 
rf nitrate of siircr and giactal acetic acid mnr h« aMc4. nwIN'. th* 
nietore ia Jiied bj imraGraion for k qoarter of M hoar ia k mMm af 
l}p)»Dlpliite of soda (f oar onacea ct the erptti t» am fitt 4^ wtUr, m 
one part of the Batucaled solution to dglil of «tfc^, ami hctMvdl 
maEed, ia then dried, hnng before the be to Mdt lite wn, aaJ S mw 
mdj to print from. 

Fi//h Eipmpimi. Jliamai v* OUt* Pfteuf. 
Albomen is the s^^ientific name f'lr the vhile '*_tp^ III rtfafc hm 
BDces b; measure are mixed with one a 
nler, and after being vbisked to ■ 
(mill, HO removed bj a ipooo into 
notlier basin or a beaker glaai, and 
allowed to stand for Beveral hour* 
i then filtered. Mr. Croofcea baa 
nunmended a, very iageniooB, aimnle, 
i useful filter, (Fig. 139.) He 
}i: "Iliis simple and incxiHnuive 
pieee of apparatus, which any iustru' 
"Hit maker or glass-blower can sud^It 
a few hours' notice, will be foona in- 
nliable in almost cverj photographic 
process on glass. The sponge baa thin 
mat advantage over all other Idoda of 
Wen, that t^iclc gebtinooa liquida — 
a;,,honeT, albomen, gebtiue, meta-gela' , 
or tliJe various preservative ijmpa i 
w through it with the utmost readi- ■ 
Un ; whilst at the same time dust, air i 
Inbbles, or froth, and dried partielea 
Auatiug iu the liijuid, are cBectuallj kept back, and if Sttcd with •toil' 
fosicollodionmieht be filtered in It; orif the eniU were fUt«d together 
*it)i a bit of flexible pipe, the stopper* Diizhl be diapenaed with allogcUKf. 
Harins poured the albumen on a pcnectlj clean ^aia pUte, taking 
an to have sufficient to run frecl; over the suruce of the ghua, 
tie excess is then geatl; drained off ami the ]>late tamed to aa tA 
hn the coated side downwards; it is then fixed in a sling made bj 
Uciug a atout bit of string about three feet kng, which u doubled 
and knotted at the fold, Icanng the two enda free ; two small triangle* 
I or alimips of silver wire looped at one corner are now tied on to the 
I ads of the atring, and these form a support for tlie opposite cdgea of 
I Hie ^aw plate to refit on ; llic two strings are knotted together at a 




ttfTLTSK 





pJBK «^ wd the plate ia 
iwtSiJiyilljiMrttr ■ ■ ' 
tdfc anttec. such 

^■nQal or the mratu^ j 
flBchciBg taken to aroid dust u 
^ndk ai possible, and to use only 
^ whites of new-laid egga. 
(F%. IW.) The glass plate, co- 
i«tcd with dry albumen, ia now 
iodcnd to & straw colour b^ a- 
poawc over a boi containing 
wdtae, B in tbe Dagiierreot^ 
[mces, and is sensitized hj int- 
kMi ■erakm for three or four minutes 
\^^ in a hath contdning a solution. 
y£ of nitnite of silver (twenty-five 
naias to an ounce of water^; 
UieEjate is afterwards washed in 
£stilled water and left to dry 

Sntaneonslj, of course in a 
kened room. Tbe plates may 
then be placed ready for use ia a 
very ingenious tin box devised by 
Mr. Crookes, which keeps them 
perfectly light-tight even in the 
sun, afld at the same time is less 
bulky than the ordinary wooden, 
ones. It is made of tin plate, 
the cover sliding tight over the 
top, and more than half way down 
the sides; light is further ex- 
cluded by means of an outer 
jacket of tin, which is soldered 
to the box a little below the 
centre. The cover thus slides 
between the case and the jacket, 
and renders injnry to the plates 
by the entmnne of light an im- 
posBibility. (Fig. 1110 

The sensitive albumeniiwl 
glass plate is exposed in the 
camera from fifteen to thir^ 
minutes, and developed (much '" 
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■fad fldhitiaii of giESe icii s firA ir rg '^a. d: i=;^f=L cr^<E 's. ilc kip- 
ri&i]i|g aohitkML The jlu^ s isia^y iiarwti in. i .e^-i;'";r r.kiTiL u::! 

ue picmre is cxed cj fusxersnii 5x & uinr: iin* zi 1. ijcr.1 r^Zi- 
iuHiiig one part of & sa:;!:^':^ hilizjih it ^77*'*=- •''•"* 'j f.ia. 2. 
dg^ of vmker. Ibc piccirss Tr:irii»i 17 "iJia ^r:*2=s ar^ •=.r-.iLir*'t.7 
idfaied, proTided aItits iz^ sxisn js t^ iuTusKri aij. \. bri^^-jui 
opoitkni a maeni^riEs sLias lar -e *nizuv^L jLr.*r rt;::..'-'!*. ir-z. lat 
InrpoBulphite oJT soda iLe rlazi^ j* -rtl -r-biiii!': Tr.i tul^. «ilii usnig 
allowed to drr soooacjecc^T. 3 zct rrairr -^i tiix: r-im. 



The dass plates for >rS k v^lI u -.h* iZinnus. ul riiw tt^wbe. 
Aonld oe cleaned br naccz* vhssl vr^ ±rs: "m fc iLzzr^rt 'j. Zr-Tiui 
powder and Mimwinta^ vhiec. 2 ^nfiLtiti i-f mrpr l ~^t. uzii ". j* CACi 
Ddng drained is iiibiied irr cd -«'.-^'*vr -riu. i, \^s2^ \iijsr, imi? i»sir 
odiiaively for this pancse. 

The iodized culo&a a ziit toitsi :tl cni "in* «^wk rv 
tuned to the bottle. Oji^'xiix. as. "x nmfd "'^sy at.L.7 uir :' zr^^r^, 
vithout due precanticassr is esczin: 'le idei iCismir^L ioii mujiiL V2i» 
of the old story of the ezztzsaszt: hin, Tru*^ Titia lii^:^ ilh iir.wjr t 
pcnnission to espouse iLe z^^*rz, *!n"nffnr.«e: imfuupr. iii^r :'.j*r it'.- 
complishments, the fac? :ij= s^ _r;« i* narf;* i jjuiiu::^. iiL: v »* 
aowered br die bhiiT qjesacc, -r-i- !aa. 7-jL si: z tf.-^mi-.^. '' 
80 it is wnh odlodics. : a sr^a: feal '1 ngssnx um j'jj<i jc' .init 




inportant pbotoeraphic <Tfr:'ffc, izii -rjzL 1 vwjxtst riani u: liuii'r'.iia 
pRons can velftesciiT. Use ecZocxTL 2 biui «:r:if>r ii..L.*r: v :.i .ut 
lodiiing solution, cr tbe ttj (sll -jt ^.■•■•■a■^l^ le^jmr^^ v r.i t^'.^v 
lions on the bottles as tc iLe r:,irvues — . vt ti.t.^ vjt*.' u*.- 

The plate ooTcred wiih th* Vc-y/c r-ilrjir.!L ji vij'jc7 ^ -dif L-'trr-v: v. 
• bath oontainxng a sohzriic pc*!^ar*d =l lui i-.ii^nrjiar i:iULu*r — 
BissolTe four ounces o^nfmie oc *{>»? j. »ios -n.jrjin -jf vi-vr iiu: v. 
tliis add twenty grains cf iod5de c^ zctaaxL-ai ::i '.mt VL:u!ft v' vuj^:' 
ahike them tograier, and cLez. zcrJ vj^ -ricut .ur/. i^.^-i-i vl-juv*^ 'j' 
<btilled water, and in half as. liczir it^Li via vizi% 'j: iavjor.t. t;ii: ijb^ «i 
ODnoe of ether; agitate the vir.ie k:iii £::«r 'uit ic^n iii'jri.:itr. 7!ij^ 
cdlodion plate is kept in this scl-inxn f-r & ^Ti^b^ ysrcA^ -,•:.; >^s»7i^, 
b^ experience, and sooold b« coasfr.caLj !:r'>!:i 'ju v, bK ./ t. iu»:^'^i«. 
tnnsparency is obtained; say 'Jia:: *..:i» Ihxikixti r^j >, v-,>ir: < uv: >,? 
fire minutes, it is now ready f >r TCii 'aszisr^., \llL xjij vt *:L.-/,np'f. irMs* 
about one to two minntes, or aacr* if :i* ijri* -i "Uyir-^jr-n -.u* *...vjt *A 
exposure is also a matter of fraciie^t Xtsrt '2:rv^,xxA 'j^ 'a. 'A u, vjt^, 
m this stage of the process. 

Sic pirtore is derel^ed ca a Ier«iLed isazii, yrz&, ^ wjuZifju 'A ^juipa 

l3 



iJtMB «( nngiBie acid in thne 
<MBBBi M vattr, to which sixty 

Wlien fuUj dcTo 
toped tk |Ue ii vished with 
wata nd fixed vith » sotation 
of h™»riptite of soda, consist- 
beotcaepiirt of the saturated- 
KJaii na to t^^ of rater, aeain 
thonN^lf nt Kentlj washed, 
BO as DOt ta oidaiiger the sepa-- 
ndoB of Ibe film from the glass ; 
it k aDoved to drjspoiitaneouslj, 
and bang coaled with ambei tar- 
Bisfc (a Nation of amber in chlo- 
rofoni} i» now ready to phut 
from. (Kg, 133.) It IS, perhaps, 
hardlj nFc«ssaf7 to add, that the 
sensitiiiog and dcTeloping pro- 
cessfs mn^ be performea m a 




BEOKIIrE. 

(Ppaiios, a bad odour). Sjmbol, Br. CoDibuuDg propor- 
peciEc gravitj, 2'966. 

lous portion of this work, the comieiioa between chlorine, 
IDdine, and bromine has been pointed oat ; and aa we have to notice tbe 
flolour of the element bromine, tbe chromatic union of the triad maj 
Ik alluded to. Tbese elements present verf ncarl; all the colouis of 
the spectrum : 

Srominc red to OTaagc. 

Chlorine jeliow to green. 

Iodine blue, indigo, liolet. 

These three elements also fnmish examples of the three conditions of 
natUr ; iodine being a solid, bromine a duid, chlorine a gas ; the 
nlitinn of their combining proportions is also curious : as might be ex- 
pected, the fluid bromine takes an intermediate position, and (according 
Ifl the axiom that half the sum of the extremes is equal to the mean) 
\j dividing the combining proportions of iodine and chlorine, and 
Mdingthem together, we nave, as neatly as possible, the Bombiniog 
pnportion of bromine : 

Clilorioe 35 ^ 2 = 17-75 

Iodine 126 -H 2 = 63 

80-75 
The combining proportion of bromine is 80, bat 80-75 is so near, 
%1 it maTreasoniibljbc cosjcctured fature experiments will reduce the 
mmbcr of the three elements, and niaj prove that thej are only niodifl- 
catiDoa of a single one. This is the only kind of alchemy which ta 
lolf rattd in the nmeteenth century, and any philosopher who will reduce 
'be number of elements, and prove that some ot them are only modi- 
fcitions of others, will iichieve a renown that mnst transcend the &(ai 
of all previous discoverers. 

Bromine was discovered by Balard, in 1836, and, liic chlorine and 
Bdnie, ia a constituent of sea water. The chief source of bromine is 
imhieral spring at Ereutznach, in Germany. The process by which it 
aobtained offers a good example of chemical affinity; the water of the 
mineral spring is evaporated, alt crvstallizable salts removed, and a current 
(^ chlorine gas passed through the remaining solution, which changes 
to a yellow colour, in consequence ot the liberation of the brorainoDy 
He combinations of chloriuB with the bases previously united with the 
fonner ; the liquid is then shaken with ether, which dissolves out the 
^mine. In the next place, the etherial solution is agitated with a 
ilrong solution of potassa, and is thus obliged to part witli the bromine, 
iWch b converted into bromate of potassa; this is nltimatclv changed 

S fusion to bromide of potassium ; and bj distillation with black oxide 
manganese and sulphuric acid, tbe bromine is Cniilly obtained. Six 



IJO 

jPxesBKS ire zsersam jsaxaauLj bettace tibt sbmD. ipaiitifj o£ bromiiie 

joncumid in in; -ninBrii apEJig-waper; is 



BrnniTn? is i ti-tv lesTj jniif, waicn. sbonlii Ik jpujuiul bj keeping 
^ in. A '3crde ."j^riti vicii wactsr ;. wfioL reqcEcci^ a fev drops maj be 
zCTcvini '37 -HH-uTH :c -x ffluuL tnibe^ ami A c op pe d inlo a wm bottle^ 
viikk :» iiiiL'ki7 ilLeti vicii. rie 'jraniEe-^cii nfXRir. If some phosphorus 
i» linceii u. 1 ierfmcngng scciu ao^ exposed to the actioii of bromine 



SKtuui 
Pcwieicd incmcnr socfokled mso the 



JJqrLsi brooLbe exposed :? a Eieg i iBg mixhxre of ioe and salt, or 
redaced co a Kirpen^^ cj: abca? eisht degrees bdov aero;, solidifies 

x3;o a jellovisa-brow:!, bc;:uLe» oTscauIbie mn. 



A scladoa of izdi^ shaken vith a small qfoaBtikr of the Tapoor of 
brocii3.e b qaidiT bleached. Maar siLbslaDce% when brought in contact 
wi;a liquid KOBime, combiite vitk exiJosire xiolence, imd thaefore 
experi:neiits vith liaoid bcomiifee are not recoBunended, as all the most 
insimctiTe and coiK^usiTe results can be obtained by the use of tiie 
TADour of bromine, which is easily procured bj allowing a few drops to 
faU into a warm, dry bottle. 

Bromine, as already mentioned, is nsed in the art of photogiaphy. 

VLrORISS. 

Symbol, F. Combining proportion, 19. 

This singular element seems almost to embody the ancient idea of 
the alchemists, being a sort of aiJtakett^ or nnirersal solvent ; or in 
phuner language, its affinities for other bodies are so powerful, that it 
attacks every substance (not even excepting gold), at the moment of 
its liberation, and combines therewith, so that its isolation has not 
yet been effected. Chemists who assert that they have been able to 
obtain fluorine in the elementary condition, pronounce it to be a gas 
which possesses the colour of chlorine ; but the experiments, as lutiierto 
conducted, render that statement extremely doubtnil. 




leat ii apt to melt ibe irai, vben Ibc tdirndt ttAj lUadk* tkoM pHU { 

from wlucti the v;ti has been nuond hj tke itrhin, aacdl^ W dM ' 
Ihc inrface of the glass general^, and ttau tke dfjriwj* of Dm dH%B 

ii spoilt. After eiposure — and it » ■" — " * ' — ~ j—- 

gjsi plates for the eiperiment — Utt w 
nd TBshing with oLl of tnrpentiacv ■ 
into the glass) U then apparaiL 



CAKBon, BOBos, giucos, azLEvmv, 
Tbu group of non-metallic elements has been freqnenll; strled 
"Mctuloids," meaiiu^ sabstances allied to, bat not possessing, all' the 
jierties belonging to a metallic aabstancei and therefore perhaps 

expression, non-metallic sobds, is the best that can be adopted. Thef 

nui; be subdiTided into two classes of three each, which haTe properties 
■ aare nr less allied to each other — viz., 

Carbon, Boron, Silicon; and 
Selenimo. Sulphur, Fhoaphonis, 



sen's PLAYBOOE OF SCIRNCK 



Symbol, C ; Combining Proportion, 6. 

Tbis element has almost the property of ubiqtiit;, and is to be found 
not only in all animiJ and vegetable aubstances, in common air, sea, and 
fresh water, but also in viuious stones and minerols, and especially in 
chalk and limestone. 

There is, perhaps, no element which offers agrcatervaricty of amusing 
eiperiments and elementatr facta than carboD, whether it be considered 
eittier in its simple or combined state. 

A piece of caroon, in the shape of the Koli-i-Noor, was one of the 
chief attractions at the first Exhibition in Hyde Park. The diamond is 
the hardest and most beautiful form of cborcoal ; how it was made in 



the ^at laboratoiT of nature, or how its particles came together, 

to be a mystery which up to the present time lias not jet been suivku, 

at all erents no artificial process has tet produced the diamond. 

Sir D. Brewster, speaking of the Koh-i-Noor, remarks that on placing 
it under a microscope, be obserred several minute cavities anrrounded 
\nth sectors of polarized light, which could only have been produced 
by the expansive action of a compremed gin orjluid, that bad existed in 
the cavities when the diamond was in the lofl state. 

Now it is known that bamboo, which is of a highly siliciona ttatur^ 
haa the property of depositing in its joints a peculiar form of silica, 
called tabasheer. Sihcon is one of the triad with carbon — ■'.«,, it is allied 
to carbon on account of certain analogies ; may it not then be supposed 
that, in tiroes gone by, ages past, when the atmosphere was known to 
be highly charged with carbonic acid gas, there might possibly have 
existed some peculiar tree which had not only the power oi decomposing 
carbonic acid (possessed by all plants at the present period), but was 
enabled, tike the bamboo, to deposit, not silica, which is the oxide of 
ailieium, hut carbon, the purest form of charcoal — riz., the diamond? 
Bpeculation in these matters is ever more rife thau stern proof, and it 
may be stated, that all attempts to mannfacture this precioits gem 
(like those of the alchemists with gold and silver) have most signally 
failed. 

IXni Eipenmerit. 

Box and various woods, dried bones, and different organic matters, 
placed in a nearly close iron or other vessel, and heated red hot, so that all 
ToUtile matter may escape, leave behbd a solid black substance C^ed 
chorooai. If that kind obtained from bones, and termed bone black or 
ivory biaek, is roughly powdered, and pbced in a flask with some sclu- 
tion of indigo or some vinegar, or syrup obtained bj. dissolving common 
moist sugar in water, and boiled for a short period, the colour b re- 
moved, and on tilterin" the liquid it is found to be as dear and colour- 
leas as water, provided sufficient ivory black hag been employed. 



COKBDSnOIi OF THE DiAHOiqx 



SfeoMd Eiperiafnl. 



Charcoal is a disinfectiuit, and is used for respirators ; it hm even been 

commended medicallj, and cliarcoal lozenges can be bought at Tarious 
jemiata' Bliops. If a few drops of a strong solution of hjdrosulphuret 

t ammonia (wluch has the agreeable odour belongiug to putrid eggs) 

I mued with half a pmt of water, it will of course smell strongly, oud 
ftewiae precipitate Goulard water, or a solution of acetate of lead 
Hack ; but on shaking the water with a few ounces of charcoal, it no 
longer smelis ot sulphuretted hydrogen, and if filtered and poured into 
■ solution ot lead does not turn it blaot. This chemical action of 
(hanoal, independent of its geemin° mechanical sttmotion for colouring 
Batter, would appear to sbow that tbe pores of charcoal contain oxygen, 

vhich in that peculiar condensed state destroys coburing matter, and 

<aidiies other bodies. 

TAird E:cperimeitl. 
A very &atisfnotory experiment, proTinp that the diamond and plum- 

1^0 orblaok lead are identical with charcoal, although difTcring in 

nulvard form and purity, can be made at a little cost, 

b; purchaaine a fragment of refuse diamonil, called 

"hnarl," ot Mr. Temiant of the Strand. A small 

KXe costs about fire shillings. The fragment should 
wrefullj supported by wmding some ihiH platinum 
*itB round it, as, if the wire is too thick, it cools 
down the heat of the bit ot diamond and prevents it 
Whng in the oxygen gas. A difficulty may arise in 
preparing the &agment, in consequence of tbe wire 
wmlinudly slipping olT. The "boart" shoiUd there - 
^K be grasped by the thumb and first linger, and the 
TOe wound round ; then it must be carefully turned 
ud again wound across with the platinum wire, as 
iatke sketch below. (Fig. 145.) 

A piece of black lead (so mlleJ) may now he taken 
(kib a lead pencil and also supported by platinum 
*!«; likewise a bit of common bark eliaroool or hard 
»le. Three bottles of oiygen should now be pre- FIk. i4b. i~ The 
p»wl from chlorate of potash and oxide of manga- ?™™i"f^iblin- 
<Kte, an extra bottle bemg provided for the diamond or refoH lUnmond. 
Bcase there sboold be any failure in its ignition. 
The bark oharcoal can be first ignited by holding a comer in the spirit 
liinp for a few seconds ; when plunged into oxygen it immediately 
linoles and bums with rapidity, and if the cork is well fitted, the 
ptuduct of combnation — viz., carbonic acid gas — is retained for future 
eumination. The smalt piece of black lead is next tieated red hot in 
tiie flame of the spirit lamp, and being attached by its platinum sup- 
port to a stiff copper wire thrust through a cork, which fits the bottla 
ofoijgen, is plnced whilst red hot in the gas, and conlinuea to glow 
Uili) coDsuned. The fragment of diamond is by no means, howerer ao 



J 



easilj ignited, the flamG of the spirit hrnip must be urged upsn it with 
tiie blowpipe ; when quite red hot, an assistant maj remove the stopper 
from the bottle of oxjgco, and the person heating the diamond should 
plunge it instantly into the gas- if this is dexterously munaged, the 
iragmcat of 6oart glows like a little star and the combustion frequently 
continues till the piece dimuushessomucbthatit falls out of its platinum 

Sometimes the <3iamond cools down nitbout igniting', the same pro- 
cess must therefore be repeated and a few extra bottles of oijgea 
will prevent disappointment as every failure destroys the purity of the 
""s by admiiture with atmosphene air when the stoppor is remoT^ 




The combustion having ceased in the three bottles, the corks are 
removeiJ, and the glass stoppers again fitted for the purpose of testing 
the producls, which offer no apparent indication of any change, as oxygen 
and carbonic acid gas are both invisible. In each bottle a new com- 
bination has been produced ; the chareoal, tbe black lead, the diamond 
have united with the oxygen, in the proportion of six parts of carbon to 
sixteen parts ot oxygen, to form twenty-two parts of carbonic acid gas, 
wliich may be easily detected b; pouring into each bottle a small quan- 
tity of a solution of slacked bme in water, called lime water. 'Diis 
test is easily made by shakbg up common slacked lime with rain or 
distilled water for about an hour, and then passing it through a calico 
or paper filter. The lest, though perfectly clear when poured in, be- 
comes immediately clouded with a white precipitate, usually termed a 
milktHeas, no doubt in allusion to the London milk, which is supposed to 
contain a notable proportion of clialk and water, for in this case the 
precipitate is chalk, the carbonic acid from the diamond and thecharooal 
having united with the lime held in solution by the water and formed 
carbonate of lime, or chalk, a substance similar in composition to 
marble, limestone, Iceland or double refracting spar, these three being 
nearly simOor in composition, and difierbg only, like carbon and tlu 
diamond, in external appearance. 
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•ARAnOS OF DABBDlItO ACID 

I, however, must not be held aa conclusive o! the pre- 
of carbonic acid gas until a. little vinesnr or other acid, such as 
iloric or nitric, has been Gnallj added ; if it now disappeoTB 
effervescence (like the admixture of tartaric acid, water, and car- 
ite oF soda), the little bubbles of carbonic acid ^as again escaping 
rl; upwards, leaving the liquid ia the three bottles quite dear, then 
eiiierimectalist maj sum up his labours with these eSecta, which 
prove in the most decisive mumer that camnion charcoal, black lead, 
and the diamgod, ore formed of one and the same clement — viz., 
earboD. 

Foitrtk EipeHmenl. 
Having effected the synthesis (or combining together) of the diamond 
md cxy?En, it ia no longer possible to recover it in its briUiunt and 
beautiful form. If the product of combostion is retained in a flask 
rtiide of thin, hard glass, and two or three pellets of the metal potassium 
are placed in directly ^ter the diamond has ceased to bom, and the 
fiame of a spirit lamp appEed till the potassium ignites, then the metal, 
W its great aSnitj for oxvgen, takes awaj and separatee it again from 
lent which was formerly the diamond ; but instead of the jewel heiug 
depMited, there is nothing but hlatk, shapeless, and minute particles of 
carbon obtained, if the potash produced is dissolved in water, and the 
dmcoal separated b; a alter. 

Fifth Experiment. 
Chalk b made h; nniting carbonic acid gas with lime ; it maj there- 
fore be employed as a source of the sas, by placing a few lumps of 
diilk, or marhlo, or limestone, in a botuo snen as was used in the gene- 
lation of hydrogen gas ; on the addition of some water and hydrochloric 
Mid, effervescence takes place from the escape of carbonic acid gas, and 
tiie cork and pewter pipe being adapted, it may be conveyed by its own 
p»vity into glasses, Jigs, or any other vessels, and a pneumatic trough 
will not be required. Carbonic acid gas has a specifie gravity of 1*520, 
and is therefore rather more than haJfas heavy again as atmospheric air. 

Sixth Experimeni. 
Id order to satisfy the mind of the operator that the gas obtained 
from chalk is similar to the product 0/ coBiiiiation from the dianoad, samo 
lime-water may be placed in a gloss, and the gas from the bottle allowed 
Ui bubble through it ; instantly the same mukiness is apparent, which 
again vanishes on the addition of acid. And this experiment is rendered 
■till more striking if a lighted taper bo placed in the gloss just after the 
addition of the acid, when it will be immediately eitrngulshed. 

Setsnlh Siperimetit, 
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immediately depressed on pouring into tho muff-toi a quantitT 
bunic icid gas, which mnj have been previously collected in a large 
veuc^l. After showing 'the weight of the ms, the box is detac 
from the scale-beam, and the contents poured upon a series of Eig^ 
candles, which are idl extinguished in succession. (Fig. 117.) 




Eighth Experiment. 
The property of carhonie acid gas of extinguishing flame, as ec 
pared with the contrary property of oxygen, la nicey' shown by fl 
passing into a large and tall gas jar one half of its volume of oxy{ 
gas; a large cork perforated with holes may be introduced, iO 
to float upon the surface of the water in the gas jar, and is usefo 
employed to break the violence with wluch the carbonic acid enters 1 
^ jar, as it is passed in to fill np the remaining half volume of the J 
lar, which now contains oxygen at the top, imd carbonic acid gas at I 
oottom. On testing the contents of the jar with a lighted taper, 
bums fiercely in the oxygen, but b immediately extinguished m I 




Strati Eifrrimeai. 
QBfacBie add gas Js not on! j gnmated I7 Uie abon p 

fclfttnied natsnlljin oKwinoiis qaantjttes fma ndeaBoc^ ■ 

(Dtua joils : hence the pecnliaT mtmc of tlie air in tlie Grottn dd 
Ctue. Dogs thntit into tiiii cave drop <iown immediatelj, and are 
nmediilciT rerived bjr the tendD' msciea of tlie guides, ^Aa thnnr 
bn iDlii the adjoining lake. This natoral phenomenoD is veil imitated 
^taking a b(», open at the lop, and naiting on to it a bame of card- 





g ^A far R^intioii liythe aocmnd 
-.. .„. _« -■- - nthesoa 



«C canai cf *fr, m ttit it W- ~— iiwl bj the breathing o 
'rto ■ £|^ig Ae pit. Ait wUck eonbuiw ode or two ^ oe 
ffV"*' Mid wS iaf|Mil tk n^jntkn oT m&a, or maintain the 
ofkCndk; bst it (ndnccs tihe moat aenons results if inholj 
tmj kagtk of tine; a United ctadle Irt do«n into & weU (stuq 
to cOHtHn faol Ht) bc&re the descent of tlie person who is t^; 
ia a, B^ fauii, but does not indicale the presence of tba-i 
penoibwe id Ute poicn, cubonic add. Frequentl j no trouble ^ 
to te*t uw tar with » Ivbtcd candle; a man is lowered bj hit 
[Twiinnw. vbo we him mddailT become insensible, another is then la 
qnicklj to TCtcoe him, and he shares the same fate ; and indeed 
Mfe oceiimd witcte eren a third and a fourth bare biiudl; and 
nwtlj' nubed to theii death in the humane attempt to rescue their 
What is to be done in these cases? Are the lira 



bottom of the pit F No ; provided they do not venture theusei 
tho pit, thcj maj try every known expedient to alter the conditi 
tbo loal air, so oi to enable them to descend to the rescue. One a 
be iloipatcbed to any neighbauriQg house or cottage for a pan of bi 
OOlIt 1 If any ilackcd lime is to be hiid, it ma; be rapidlv mixed 

I Wor, and noured down the side of the pit ; a bundle of sharin 
Oil nro Mid lot down, kcrping it to one side, so us to establish a coj 

- or nmi the empty buokets conatantiy let down empty and pulled s 
of tbo noxloui Ut, may appear a somewhat absurd step to tik 
luuin' thn drauniltjuioes any plan that will change the air suffioi 

I OUbU tnoilier ponon to dosornd must be adopted; in proof tt 
^ followlnit nxperlnients may be adduced ; 

Kill A ilPf |i BltOK Jnr with carbonic acid, and ascertain its 
*llh a llftllli"! (n|n>ri if n bcnker glass to which a string is at 
IaI Jowa Ititu (liti vwiicl and itritvo up, and then inverted OTer 







the ntility of 

rendered appa- 
tbe beaker gloss 
ints the empty 
;, and can. be let 

and pulled cp 
[ niirbonic acid 

sensible change 
condition of tue 



The heat plan, 
!r, is to set the 
motion by heat 
;i from burning 
,or even a kettle 
ing -water, low- 
U a eord, and 
)t is we]l shown 
Jng a small flask 
' boiling water, , 

rked,atthebot- ; ^___. 

thedc«> glass gwrtsoeuuliluico 
tninjiig the car- 

Bid gas, wliich rises lite other gases when sufficiently heated, and 
; awaj, niixes with the surronnding air, (Fig. Ii9,) 

Thirlesnlh Experimeal. 
onic acid gas dissolved in water under considerable pressure, 
tbat most agreeable drink called soda-water ; the gas is not only 
in this respect, but has been applied most succeasfullj by Mr. 
' Xa extinguish a fire on a gigantic scale, which had been burning 
rs in the waste of a coal mine in Scotland, Tbe same gas, gene- 
[iddenly bj the combustion of a rnktnre of nitre, coke dust, and 
r plaster of Paris, in vessels of a peculiar construotion, has 

tbe subject of a patent bj Phillips, since merged into the Tire 
ator Company. The instrument is peculiarly adapted for ship- 
id might, if properly used, be the means of saving many ships and 
e Lves. (Pie. 160.) 
ractical valuo is established by the test of actual use : in the 

by llie Leeds Fire Brigade, and by firemen of the Fire Anni- 
Company, temporarily stationed at Liverpool and Manchester. 
Fire AnaiMlstor has been formally recognised by the Government 
Lion Commissioners, who introdnced into the Passengers' Act, 
1 S 24, the alternative, " Or other apparalm for extinguiskingjirf" 
itmct reference to this invention, and sabsec[uently by formal 
ilhorized their ofEoers to pass ships carrying Fire .Annihilators. 




ik^ »■ A^^^i i fcw »»»^ia^ifc»«.»^«HaaiiiaiinoYmblBp 
M^^ll » »l^» > A« ■■» •■> >jl* m J ■«( c»™ InkMa ire hung on 
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|iUced oatside the building, which ia to be conv^ed along the ceiling 
bjnieana of pipes perforated with DOinerous holes, and to be put in 
C^entiim direoti; a firo breaiis out. This plan, however insenioiu, 
could haidlj snpplj the carbonic acid gas with siifficient rapidity, and 
it ii to be feared would utterly fail in practice. (Fig. 151.) 




Symbol, £ ; combining proportion, 10'9. 

y DwoTcred by Homberg, in 1703, in borax, which is a biborate of 
■oda (NaOgSBO,), and is used very eitensively in the mannfactnre of 
^Us; nlso for glazing stoneware and solderint; metais ; it is also a 
nhable flux in larious crucible operations, whilst in testbg miuerala 
nth the blowpipe it is invaluable. Borax ia made either from tincal, a 
niutancc that occurs naturally in some parts of India, China, and 
tet^ or by the addition of carbonate of soda to boracic acid, a sob- 
■boce obtained from tlie volcanic districts of Tuscany, whence it ia 
Sported to this country, and used in the manufacture of borax. 

The element boron may be obtained by placing some pure boradc 
Kid and some small bits of potassium in a tube together, and applying 
ifie Suae of a spirit-lamp, a glow of heat takes place, and when the tube 
>> cold the potash may be washed away, and the boron remains as a 
fcA brownish powder somewhat resembling carbon. M. St, Claire 
J)eville and WoMer hare lately made some important discoveries with 
^pect to this clement, and disproved the statement that it is uncrystal- 
fizable. Their researches prove it to be producible nnder three forms 
And of various colours, snch as honey 'yellDW and garnet-red, the crystals 
•a some cases being like diamonds of the purest water — i.«., Unapid 
ftbd transparent. A new combination of aluminium and boron ia 
Itated to possess the most remarkable properties. It is harder than 
Uie diamond, and in the state of powder will cut and drill rubies, and 
■ven the diamond itself, with more facility than diamond powder. 
-Ueville and Wohler incline to tlie belief that the diamond is dimorphous, 
'•ad c^wble (in conditions yet to be described) of assuming the same forms 
M boron. At a high temperature, boron, like titanium, absorbs nilrogeit 
ftely from the atmosphere, and rejects the oxygen. (Query, may not 
-^ms of those remarkably hard blact diamonds prove to be boron ?) 



Symbol, Si ; combining proportion, 21'3. 

' The great Bcrzeliua was the first to obtain this dement in 1823. 

■"■ — in the pure state is a dark brawn powder ; if ignited at a very 
nperatore it assumes a chocolate colour, which is supposed to 
aUotropic condition, because it no longer bums when heated 
Ij in oxygen or air, and is not attacked by hydrofluoric acid. 
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&e MOat btavstJoK Dombination of ulicon is the teroiide called 
mHae aoA, silica IS^}. Siiicon is next to oi;gen so Isr as regarils 
it» l^eiitidiliiras, juhI is fooad in Uie state of silica in nearly ever; 
miocnl, but especiallj in rock ajstal, qnarti, flint, sand, jasper, Bgate, 
and tripolL It it lai^l;; used in the nnnabctaie of ei^ss, and a most 
useful "soluble ^ass" is obtained \n ntdtitif togelTier in a. cniMble 
^fteen parts of sand, ten parts of canonale of potash, and one part of 
charcosL 

Cold water merely vasbes away the excess of alkali, and after this ia 
done Ibe jiowdered soluble glass nuy be boiled with irater in the pro- 
portion of one of the former with five of the latter, when it g;radTudlT 
oiasohes ; the solntion mar be evaporated to a thick pasty flniii, whidi 
looks like jetly when cooL and on exposure to the air in thin films 
changes to a transparent, colourless, brittle, but not hard glass. Wood, 
cotton, and Iben fabrics are rendered less combustible wben coated 
with this eUsi, which eiciades the oxygen of the air, and it has lately 
been employed to fill up the porous aad capillary openings in stone 
exposed to the atmosphere, and is stated to be »etj efficacious as a 
prescnatiTe of the stone in some cases. 



Symbol, S ; combining proportion, 16. 

Sulphur, like chaxcoal, b of common occnircDce iu nature, and is 
chiefly supplied from the volcanic districts of Tuseanv and Sicily : there 
is an abnndance of this element in the United Kingdom, but Hien it is 
locked up in combination with iron, copper, and lead, nudcr the name 
of iron pyrites, copper pyrites, galena ; and whilst Sicily and Tuscany 
supply thousMids of tons weight in the nncombined state, it ia not, of 
course, worth while to go through expensive operations at home for tlie 
separation of sulphur from the ores. During tte dispute between Sicily 
and England, several patents were scoured for new and economical pro- 
cesses by which sulphur was obtained from various minerals; aiidhad 
this country been excluded from a supply of native sulphur, no doubt 
some of these patents would now he in active operation. 

It ia almost possible toeatimate the commercial prosperity of a country 
by the sulphur it consumes, not, happily, by their warlike operations, but 
in the manufacture of oil of vitriol or sulphuric acid, which is tho starting 
point of a great number of osefnl arts and manufactures. 

Firsi Erperitsent. 
Some very curious residts may be obtained by heating sulphur at cer- 
tain temperatures; in the ordinary state it is a pale yellow solid, and 
when subjected to a temperature of 226° Fahr. it melts to a brownish- 
jellow, transparent, thin fluid ; according to all preconceived notions of 
the properties of substances which liquify by an increase of heat, it 
/DJ^ht te imagined that every additional d^e of heat would only 
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miet the mett«d snlphur still more liqtiid, but straoge to say, when it 
niches a temperatitre of about 320° Fahr. it chaneca red, and thick 
Eke treacle ; and as tbe heat rises it becomes so teoacioiis, that the ladle 
m wlticb it is contained may be inverted, and the sulphur will hardlj 
lav ODt : at about iSi° Pahr. it i^in becomes liquid, but not so 9i-td 
K at the lower temperature. U alloned to cool from 4S2° Fahr., the 
ibwB results are simply inverted; the sulphur becomes thick, again 
liqaid, and finally cmtoUizes in long, thin, rhombic prisms, which are 
««en most perfectly by first allowing a crust of sulphur to form on the 
liquid portion, and then having made two boles in this crust, the aulphni 
is poured out, when the remainder is found in the inferior of the crucible 
ctyilallized in tlie (orm already mentioned. Sulphur takes fire in the 
lie when exposed to a heat of about 560° Fohr., and bums with a pole 
Uae flune ; and, as already stated, it may he poured from a considerable 
hdgbt on a still dark nigbt, and produces a continuous column of blue 
Ek, JQst like au unbroken current of electricity. U the melted and 
huimig Eulphur is received into a vessel containing boiling water, it is 
m lonser yellow, but assumes a curious allotropic state, in which it is a 
nddish-brown, transparent, shapeless mass, that may be easily kneaded 
jttd Dsed for the purposQ of faking casts of seals, which beconie yelloT 
is I few days, and are foond then to be hard and crystallized. 

Second Sxptrimeni. 

Snlphur vapour, in one sense, may he r^arded as a supporter of com- 
vtution: if a clean Florence oil-flask is filled with copper turnings, and a 
•ittle roughly-powdered Bulphur sprinkled in, and heat applied, the copper 
£Ws withonmtensehcat, and burning in the vapour of tnc sulphur, pro- 
anlphuret of copper ; from this compound the sulphur maybe again 
... d by boiliogthe powdered sulphuret with weak nitric acid, which 
*>sidue8 and dissolves the copper, leaving the greater part of the sul- 

{ihur behind, which may be collected, melted, and burnt, and will be 
bund to display all the properties belonging to timt element, Tbis 
experiment is a very good example of simple analysis ; and if tlio 
Copper is weighed and likewise tbe combined sulphur, a good notion may 
1m termed of Qic principles of combining proportions. 

Third Experiaenl. 

A Uttle Bolphur burnt under a gas jar, or in any convenient box (a 
tiat-box, for instance), produces sulphuroua acid (SOJ, which will bleach 
swotted red rose or dahlia, and many other flowers. This gas is cm- 
ployed most extensively in bleaching straw, and sundry waoUen goods, 
Bucn as blankets and flannel, and likewise sillc, and is pernans one of the 
best disinfectants that can be employed ; wheu fever has been raging in 
the dwellings of the poor, as in cottages, &c., all metallic substances 
Bbould be removed, the doors and windows closed, the bedding, ftc, well 
Opoted, and then a guantitj of sulphur should be buinl m sa qWS.t^- 
m2 
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iug-pan placed on a brick, taking care to ayoidtlie chance of settii 
place on lire ; after a few hours the doora and windows maj he opeae 
the disinfectaut will he found to have done its work cheaply and a 

Fourth Erperimeiit. 

The presence of sulphur in various organic suhstancea, such Bi 
the white of egg, and fibrine, is eosilj detected by heating' then 
solution of potash, and adding acetate of lead as Ions as the pi 
tate formed is redissohed; nnallj the solution must be heated t 
boiling point, when it jnstantlj heoomes black by the separation c 
pburet of lead. 

Fi/ii Fxperimnt. 

Sulphuric acid, HOjSOj, or oil of vitriol, ia made in such enoi 
quantities that it is never worth while to attempt its preparation on a 
scale. In consequence of its great affinity for water, many eae 
changes are produced by its action. Oil of vitriol poured on som 
sugar placed m a breakfafit-cup with tbe addition of a dessert-spoor 
boiling water, rapidly boils and deposits an enormous quantity of 
eharcoai. IE a word be written on a piece of white calico with i 
sulphuric acid, and then rapidly and thoroughly washed out, no i 
change occurs ; but if the calico is exposed to heat, so that the e 
of water is driven off, the lemaiiiing and now concentrated oil of i 
attacks the calico, and the word ia indelibly printed in block b 
decomposition of the fabric of cotton. A very remarkable proees 
lately been introduced by Mr. Warren do la Ehd, by which paper ii 
Terted into a sort of tough parchment-like material, called ametastii 
the action ot oil of vitriol and water of a certain fixed strength; tm 
departure from the exact proportions destroja the tooehneas of the [ 
After the paper baa been acted upon by the acid, it beeomea estn 
tenacious, and will support a considerable weight without breaking, 
Smee has used this amctaatine ia the construction of an hygromete: 
states that it may aave many a traveller from catchiog a severe 
matism in a damp bed. i 

SiM E^erimeat. \ 

When the vapour of snlpLur is passed over red-hot charcoal an 
product carefully condensed, a peculiar liquid is obtained, called 
phide of earbon (CSj), wliich possesses a peculiar odour, is eitn 
transparent and brilbant-looking, and enjoys a high lefractive p 
This liquid is used as a solvent for nhospnorus and other aubataacei 
is extremely volatile and combostiole, and bums silently with a 
blue flame. The combustion ot its vapour, mised with certain f 
offers a good example of the fact that slow burning may be a pel 
mperiment, whilst very rapid combustion often resolves itself in! 
explosion. Thus, if a few drops ot biaulphide of carbon are droppei 
a narrow-mouthed dry quart bottle coatwoing common air, and 
applied, the combustion takes place with rapidity, a lushit 
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numg sound being audible, in conBec|ueuce of the (iiffused vapour being 
npflied witli more ovjgcn, and burning uiore rapidl; than it voiUd <io 
S nmplj cottaumed frani a stick or glass rod netted with the fluid. A 
ttiU greater rapidity of combustion is ensured bj dropping some bisul- 
[Mde of carbon into a long stout cylindrical jar, lifteeu inches long 
and three inches in diameter, containing nitric oxide gas (NO,) ; wheu 
fltune is applied Ibe mixture bums with a bright flash and some noise, 
and if burnt in a narrow mouthed bottle wonid most likely blow it to 

The p«atcst rapiditj of combustion, and of conrae tbe loudest noise, 
obtaaned bj^ shaking some bisulphide of carbon in n similar stout and 
strong cjlindrical jar ailed with oxjgen gas, but in this case the jar 
must be protected with a double cjEnder of stout wire gauze ; it does 
not »lwaj9 break, but if it is blown to fragments each particle becomes 
% knoet-shaped piece of glass, which is capable of producing the most 
ii^eRHiB wonnds. [Fig. 152.) 
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Selenium (o^Xiji'^, the Moon*) ; sjmbol, Se ; combining 
proportion, 39'5. 
This now metallic element is allied to sulphur, and is a species of 
obemical curiosity, being found in minute quantities in various minerals ; 
it ma; be meltett and cast into anyform. Medallions of the discoverer 
(Berzelius) of selenium, in little cases, arc imported from Germany, 
tot the cabinets of the curious. 
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Phosphorus {^St, light ; <^ipu.v, to bear ; sjmbol, P ; CDnibiraii§ 
proportion, 33.) 
Monsicnr Salverte, in his work on the Occult Sciences of 
Ancieots, qaates a remarkable stoir respecting the probable discoi 
of the nature of phosphorus in 1761 1 — "A Prince San Severo, 
Naples, cultivated cheniistrj with some success; he bad, for exam 
the secret of penetrating marble with colour, so that each slah sa' 
from the block presented a repetition of the figure imprinted an 
external surface. la 1761, he exposed some human sktil^to the acl 
of different reagents, and then to the beat of a glass furnace, but pat 
BO little attention to his manner of proceeding, that he acknowlecL 
he did not espect to arrive a second time at the same residt. From 

froduct he obtained a vapour, or rather a gas was evolved, wl 
indling at the approach of a lin;ht, bunied for several moi 
without the matter appearing to me or diminish in weight. I 
Severo thought he had found (he impossible secret of the inei 
gnishable lamp, but be would not divulge his process, for fear 1 
the vault in which were interred the princes of his family she 
lose the unique privilege with which he expected to enrich it, of be 
illuminated with aperpelsal lamp." Had he acted like a philosopbe 
tlie present dny, San Severo would have attached his name to the 
portant discovery of the existence of pioipAortta in the boxes, and m 
public the process by which it mi>ht be obtained. 

This element, formerly sold at lour or five shillings the ounce, has r 
fallen so much in price, from the ejeater demand and larger product] 
that it may be bought for a few shillings the pound, and is importei 
tin eases m large quantities from Germany. It was discovered ab 
two hundred years ago by Brandt, a merchant of Hamburg, and i 
be prepared on a small scale by distilling at a red heat phosphi 
acid previously fused with < '-- '• *■ ■. ■ ij. _r . 

charcoal. 

Firal Eiperimmt. 

Phosnhorua, when pure, is without taste O! 

Tery pale bulT-colour, and semi-transparent ; 

tible, and is usually preserved under the surface of water ; when j 
feotly dry, a tliin ahce will take fire at 60° Pah., and bums n 

treat bnllianoy. Considering the beat produced during the ei 
ustion of phosphorus, it miglit be thoi^ht that it would infallibly 
£re to any ordinary combustible, such as paper or wood, but this is 
the case when phosphorus is employed by itself, as may be proved 
the following eiperunent. 

Cut five very small pieces of phosphorus, and place them like 
five of diamonds on a sheet of cartridge-paper laid upon the table, 
the bits of phosphorus on (ire, when thej will be rapidly burnt aw 
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kwiag only five binck spots, but not firing the paper, is voali be tlie 
Bi»e if some red-hot coals or charcoal were placed in the same positioa. 
'Sie caose is recj simple. Phospboms in bomiiig produces phosphoric 
add, Thioh is an anti-combustibie, aiid coats the surface of the paper 
nuid the spot where the combustion occuis, and acting as a kind of 
glue or glass, excludes the oijgen of Ibe air, and prevents the fire 
ipreading. 

IF Bome powdered snlphui is sprinkled ronnd the spot where the bit 
otphoaphorns w to be burnt, the case is veir different ; the heat melts 
ui sets fire to the snlphnr, which being oncoated with the phosphoric 
Mid, EomiDuiucates to the paper; and it is on this principle that tucifer- 
vUolies can be used as instantaneous lights. The tip of the wood of 
iliidi they are composed is first dipped in sulphur, aad then (he phoa- 
puirus composition made of gum, chlorate of potash, vermilion, and 
"'"■ is placed OTer it ; and if the latter were used alone without 
not one match in a hundred would take fire properly. 



Second Experiment. 
phosphorus is perfectly and rapidly dissolved by bisulphide 

. The solution must be carefully preserved, as it Is a Bquid 

camliiistible, which takes fire spontaneonsly after the bisulphide of 
utbcm evaporates ; so that wherever it is dropped, a flame, arismg from 
ue ipontoneous combustion of the finely-divided phosphorus, is sure to 
le pfodaced. This liqnJd was recommended many years ago to the 
Gotemment for the purpose of setting sails of ships or other eombus- 
llble Dlfltter on fire. The solution of phosphorus alone did not answer 
HiB purpose, as already expidned in the first eiperiment ; but when wax 
nu dissolved with the phosphorus, it then became a most dangerons 
JwJ, which it was recommended should be used in sheUs, and dischareed 
W a mortar or howitzer in the ordinary manner. Dr. Lyon PlayiaJr 
*U the first to make this proposed application of the solution, and it 
{U since, we believe, been recommended by Captain Norton in his liqutd- 
IwsilieUj. 

MiVrf Experiment. 
, One of the most curious facta in connexion with phosphorus, 
'' Ha assumption of the allotropic state ia what is termed smotphous 
(tli^less] or red phosphorus. This substance, when handled for the 
w«t time, might be mistaken for a lump of badly-made Venetian red. 
piDe is no risk of its taking fire like the common phosphorus, and it 
""OS not (according to Sohrotter, of Berlin, who discovered this peculiar 
*miditJon) exhale those fumes which are so prejudicial to the luoifer- 
Kttcli makers. Wheu the vapour of common phosphorus is continually 
Uhaled, it is said to cause a peculiar and disgusting disease, whiau 
tenninates in the destruction of^the jaw-bone ; wnilst iTie bones in other 
"ttts of the body become brittle, and arm-bones thus affected are 
ictured with the slightest blow. , 

Bie difference between common and red phoaphonxa ia well shown — 
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first, by placing a fev small pieces of both kinds in separate bottles or 
tioIb contaiuiDg bisulnhide of carbon ; Ibe common phospiiorus, as 
ab'ead; explained, qnickl; difisolves in. the liquid, and if poured on ». 
sheet of paper, and hung up, is soon on fire ; whilst the red variety is 
wholly unaffected, and if the bisulphide of carbon ia poured off on to- 
paper, it merely evaporateSj and no combustion occurs. 

The similanty in composition, though not in outward form, ia further 
shown b)[ filling two jars with oxygen gas, and having provided two 
deflagratbg spoons, some common phospTioms is placed in one, and red. 
phosphorus in the other; a wire, gently heated by dipping it into 
some boiling water, is now applied to the former, which immedialelj' 
takes fire, and may be plunged into the jar of oxygen gas, when it burns 
with the usual briflianoj. Tlie red phosphorus, however, must be brought 
to a much higher temperature (500° Jah.) before it will even shine in 
the dark, and then with a still further increase ofheatit takes Are, and on 
being placed in the other jar of oxygen bums up much more slowly than 
the yellow phosphorus, but at last exhibits that brilliant flash of light 
which is so characteristic of the combustion of phosphorus in oxygen. 

The amorphous or red phospboma is cmplojed in the manufacture of 
j^/tf eheiiiical malehes, and M. A. Meunons has secured a patent in 
Xmgland for an improvement in lucifcr matches, with a view to obviate 
the risks of accidental ignition. To attain this end the matches are first 
cat by a machine from cubes of wood, the cut being stopped at a 
short distance from the end of each cnbe, so as to leave the lower ex- 
tremities adherent. The upper or free extremity of each packet of 
splints thus formed being coated with wax or sulphur, is dipped in one 
01 tbo following prepurations ;— Chlorate of potash, two parts; pul- 
verized chareoif one part; umber, one part; or, chlorate of potash, 
sulphur, and umber, in equal parts, thoroughly mixed with glue. The 
opposite extremity or " cut" of each packet is then painted over vrith 
amorphous phosphorus blended with size, so that on separating the 
matches the phosphorus is only found on tie top of each. The matches 
thus prepared are ignited by breaking oS a small piece of the pbos- 
pliorised end and ruobing it on the opposite extremity covered with tbe 
inflammable preparation. 

Loud exploding and dangerous ludfera were formerly made by dipping 
bundles of matches, previously coated with sulphur at the tips, into a 
thick solution of gum, at a temperature of 104° Fahr,, coloured with 
smalt or red lead, m which was dissolved a certain proportion of clJorate 
of potash, and also containing finelv divided particles of phosphorus ob- 
tained by the constant Etirtiiie andrubhing of the materials in a mortar. 
"When dry tlie matches exploded if rubbed against a gritty surface, and 
there was always a risk of a fragment flying off and entering the eye. 
To obviate this danger, sileul or noisehu ladfer matchet were invented, 
and the composition used (according to Bottger) is as follows : — Gam 
arable, 16 parts by weight ; phosphorus, 9 parts ; nitre, 14 parts ; pow- 
dered black oxide of manganese, 10 parts. The above ingredients are 
worked up in a mortar with water, at 104° Fahr., and the matcbea pre- 
viously tipped with sulphur are dipped therein and afterwards dried. 
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SiM Erperiineiil. 
If > Kith pfcoepbonis is placed in a small eopper boiler, and the 
(tnn aDMred to tanqw bom a jet, it is obserred to be lumtoous, in 
OOaMqneBce of a uante portt<m of piiospborus being carried up meciu- 
McaDj wilk Ike rieam. The same fact is shown ver; prettily bj boiling 
vtfcr m a iaak nwlMiing some phosphorus. 

Sae»li SxpenKOi/. 

Pbospbonu explodes Tiolentljrvhen 
robbed with a little chlorate of potash, 
and in order to perform this ex^ri- 
ment safclj, it sLould be made m a. 
mortar, the pestle of which 
rrounded with a large circle 
of cardboard and wire ganze; so that 
when it i3 brought down upon the 
phosphorus and chlorate of potash, 
anr particles that may fly out are de- 
tamed by the shield. Without this 
precaation the experiment is one of 
the most dangerous that can be made. 
(Fig. 155.) 

Eighth Experiment. 

Pbosphurelted h/'— 
drogcn owes its prf^-^ 
perty of spontaneoo — ' 
combustion to Ul ^ 
presence of the v^^ 
pour of a liqoi^^ 
phosphide of hydrC^ 
geu (PH.), Tifhic=^- 
mBy be prepared h^- 
placing some pho^^ 
ptiide of calcium int'*^ 
a flask with wat^-f 
heated to a temper**- 
turc of 140" lab., 
and convBTUig the 
gas into a D-sn8]>erf 
tube surrounded wi(i 
a mistare of ice and 
salt. The liquid obtained is colourless, and mnst be preaerred itat 
contact with air, as it takes lire BpontanBOUsiy directly it is ezpoaSl) 
to the atnioaphere. (Fig. 156.) 
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Ninth E:rpmsie«l. 

Fliaiplude of calciam is qnickl; prepared bjr plactog some small 
fna of lime in a crucible and making them red-hot ; if lumps of drj 
fhnihoniB are thrown into the crucible, and tfae corer plaeed on 
iraiulT, and immediately' after the phosphoras, the iatler nnito in& 
In euijnm, and forms a brown substajice which prodnoes guecua 
A(i»plijile of hydro^n (PHJ when placed in water, and the gss takes 
ire^ntaceonalj wten it comes in contact with the air. 

Tfttlh Experimesl. 

ftosphonis placed in a retort with a tolerablj strong solatiou of 
fMuh, and a small quantit; of ether, affords a large quaatitj oFphos- 
^id» of hjdrogen (commonly called phosphurellcd hydrogen) when 
ulcd. The neck of the retort must dip into a basin of water, and the 
■tjeet of the ether ia to prevent the combustion of the first bubbles of 
^Utiie the retort, which bj their eiplosion would probably break the 
M. If the neck of the retort is kept under water in whidi potash ia 
jWted, the gas may be generated for many daya at pleasure, although 
' ii BDt a desirable experiment to reuew too often, on account of the 
™greMble odour produced. (Pig. 1570 




Ttia gii buiolng, sod preducuig bunlihil iliigi ot imiikL'. 



Wien ajar of oxj*ecn is held over the neck of the retort generating tho 
ilosion are ob- 

, iperiraent ia performed in a darkened room, it ia just 

a MuUen flash ofUghtmug. A bottle of chlorine held over tbe ueak 



When ajar otoxv] 

lupboietted hydrogen, ^ . 

Uid if the ciperiraent ia performed 







I 



■«■■■■ •joiV'i^ BOB^^ le, 1 

«ftitotftU>bid ■ilJBii MMnkvkn tke and taoki 

lll'ltlBlllHf»IMBt^aMJ*fcf*fc-t^^k>*- A "' ' 




e of tte aoat nieitstijtz pnqiertks oCh 
ts we take kM« of tbe sabiect oF cbemiira 

JM Ae «rMwi i l i i i t JM «f tie ■etafi far uotber pqpaln jnRm 

««k. tf *Uek tfan win bm tk nbteet. J 

burner to tk'oAMfolcdqMstkn, -Wketccanl gtitiie OM 
fe Oe cqooB?" it m^ be ttrted tW erciT kind of ^auvcM 
■il Ae^BwcibBeriaaBedinthBd^ter, ran be procured dtha B 
Hm^i. SinM% Ttxaie, tai Ok, KemuB^oa, or of Griffin wA M 
B^Bwv. « Bdkn >^ Co, B^ HoUnnL 





Of til the agents with vliich man is acquainted, not one can aSbrd a 
Mtff source of voodenncnt to tbc ignonint, at meditation to tlie 
mati, than the effects of that marvellouB force perrading all matter 
^lld Blectricitj. Wo look at matter endowed with life, and matter 



iSah; we observe with pleasure and admiration tlic woodcrfnl changes 
hire, and know that a few seeds thrown into tbe broken clods and 
VtlttiUed earth ma; become cither tbe waring, golden corn-field or in 
ttue maj grow from the tender little shrafa to the atateli forest-tree; 
ire know afi these things becaitse thej belong to tlic tisible world, and 
■n continnaU; passing before oui ejes ; bat in looking at the viadile, 
~ iBit not forget and ignore tbe inraible. It maj mtti tenJii \» 



1 




fart lha£ 
■mch forte Uief 

the iauasa mind waa pre- 
o&er f;xcea had ckinied 




t 1730) tljat snj m 

. . ben Mr. Stephen Graj, « 

r rf Ikc CkMt^Ml^ fcwwwil what he termed EJ ' 
^ ad ifaa Ae aae «f ■•abtMg' aiaU rials, snch a: 

ram dit, nUiL the latter flict « 
k in ihjTBCt, because there vo^l 
' ' ' ent in the absence n I 



IW jcw 1750 «» iiBiiliTih bt TcAi^s faeoieries and Dr. Fnii:- 1 
In'iidcatiie^kaarifecleetDdtTaf tbenachineviththestDpendoiU 1 
efccU of Dm dmiintm. Stt Hu^kj Dsir, in ISOO, with htf 
bok G^ ^KBL the alieaik ntuneio^ 

. Ik ISSl. tttaias (wmmeaoea his atniU* , 

inlliHbonAafphik«f>hT; riBAfe^nnee sodiligeQUjfolioweA ' 
m, Uot he ha been far atne jean, and is stiU the first electrimaa^*^ 
the ^e. Aon the <«»■»■■- ■- ■ » iit af the present cai(urf , discoveri^ 
have looceeded each other in r^olar ocda and with the most amaof*! 
reaidta; and now eltctridtT is r^uhrij Mnployed as a mottej-getti*'^ 
agent is the process of thedeetnSjpeuuielectnvsilteriDgaQd §ildim^> 
abo in the eledxic tdegnpb ; aJ in a few jeaw we maj posaiblj »** 
it (WRimcmlf emptojed as a sonice of artificial tight. . 

Tho nature of electricity, saja Turner, like that of heat, b at pres^*" 
inTgUcd In obscuritj. Both these principles, if really material, are ^ 
IlKbt, tnbllc, and diffuse, that it lias hitherto beeo foond impossible ^ 
roDOifniM in tliem the ordinary characteristics of matter ; and tbercfc*'^ 
elwilrlo phcnuimena may be referred, not to the agency of a specific ■'•^ 
Ntjuinn, bnt to Mtnn property ar state of common matter, just as miu^ 
Mid liKbt aro produced by a vibrating medium. But the effeett <" , 
nlootriiilly arc so limihtr to those of a mechanical agent, it a^ean S" 
(liiitliiotl,T l4i eiiianata from substances which o ' ' '' ' 
nmd* Ntii Hilar all obstacles in its e( 
in»tltin, tliat Iha imfireuion of its 
■UriM mi 0'Htfi' ruro«« itself irresbtibly 



MiNirdiiinly. have spoiitwiBouiily 
liinLnl'iitl jirliiniiilti \ imi\ uoieiiliflc men j 
vinw, IjMflSKbc It ufl'ura an easy Mplanati 

n mUu¥,\ iauguage iultiliiBvW<* w alV. 



in regarding electricity la » 
e a preference to the euu 
of phenomena, and snggoaU 
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m fire weU-ascerivncd sooives of electrich;, md thne vluch 
Ined to be nncertain. The five sonrcea arc (rictiiM, dtemkal 
it,iiiagitetuiii,pe«(iliuuiinisl(irguums. The three nuecrtain 
« conUct, etaporatioii, and the sohr t3j3. 

of sealing-wax or a bit of glass tube, perfectlj &j, rubbed 
, vsnn piece of flaimd, has 
pon ita surface a new power, ~ 

sltiaet bits of paper, strair, or 
t matetials; aud afterthesc sab- 
e endowed with tbe same force, 
t action takes place, and tbej 
hie of the most convenient ar- 
ts for T"'^'"g esgwrimetits idth 
rtiie and repellent powers of 
' is to fix with shell-lac Tarnish 
cs of gilt paper, of the sire of 
wn, at eacn end of a long straw 
ipported aboat the centre with 
Bad, which may hang from the 

an; other coaTcment support. 

iniish is casil; prepared hj 
yu or eigbt ounces of shelf- 
. bottle, and pouring enough 
^irit (commoulj termed wood 
upon the lac to cover it. After 
tune, and bj agitaliou, solu- 
I place. In a variety of ways 
5 proved " """ " ' 



■nd forms n distinct branch 



er-^ 



Fif r 160. A. Tbe ffliaipiUiT nn^ 
ort. B.Slr>iiTLUiiliwi,h«icliiEtT 
liUlhnsd. I 



wnce, nnder the name of /He 

ptnatj. H 

. Second Erperiaetii. ^B 

iture of chemical action has been already explained, and is 
o here aa a source of electrieitj of which the proof is verr 
kpiece of copper and a similar-sized plate of zinc have attached 
lopper wires ; these plates are placed opposite to. but do not 
k otber, in a vessel containing water acidulated with a sm^ 
o( mlphuric acid. When the wires arc brought in contact, a 
if electricity circulates through the arrangement, but has no 
attract bits of paper, Btranr,&c. In order to iLscertaiu whether 
at of dectricity passes or not, a piece of covered copper wire 
veral times round a magnetic needle, so that it has freedom of 
aide the core or hollow formed by twislii^ tlie cQ^'ptt "mSn. 
ment, pToperlj coastmctai, ia called Hie gii'iBlitjma'wt 
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needle, and is iaraluablc as u means of ascertainjiig the passage 
electrioit; derivGd ttam chemical actiou. (Tig. 161.) 




tlg.yn, X. The ^vHnnnstor nudJe. ■. TeiMl ooDtainiii)! weak iirld ladlhcilnEU 

Wlien the wires leading from tlie metal platea are connected with U 
extremities oE the coil in the galvanometer, the needle is deflected ' 
pushed aside to the right hand or to the left, according to the diiectic 
of the cwrent. 

TAird ExpeHmejU. 

The third source of electricity is heat, and the effect of this agent 
well shown by twisting together a piece of platinum and silver wire, 
as to form one length. If the silver end is attached to any screw of t 
galvanometer, andthe platinum end to the second screw, no moveme 
of the magnetic needle takes place until the heat of a spirit-lamp 
applied for a moment to the point of juncture between the silver » 
platinum wires, when the n:\agnetic needle is immediately deflected. 




The fourth source of electricity — viz., magnetism — requires a som 
what more complicated arrangement ; and a most delicate galvanomeli 
neeiie must be provided, to which is attached the extremities ot a lol 
spiral coil of copper wire covered with cotton or silk. Every time 
bar magnet is introduced inside the coil, so that the conducting wire cu 
the magnetic curves, a deflectigc of the galvanometer needle t^ea plac 



^. ■ ■^~-'--- , ' -I i^lMMiiUlJ If lij'l, 1^^^ of hB- 

, ^-TrffTTr. mA riw mMTT^iJfa AhffiT ii i ij ■■pir A 
qfaAa- itf Hft in* B imA^ Md mad «s cntie «c wood ■ few 

\ «fpx £k vcS aaifaHtai^ ^^ >k otkr ad, aOo' bw nj^crif 
I *Mcd Md CMtcd «sk ■ocvT. H hnw^ jMo natMt «il£ tk «*e. 

l&MlraiicTfiBdcT b hid aoM tk pota «f tke I 




lie fifth mode of procnring electricity -would require the assisUnce 
«f tt dertrical eel, a fine specimen of which (.fortj inclies in length) was 
■lUfaited at the Adelaide (Ml er; some jears ago. Various eiperimenls 
*R made wilb this animal, aiid the author had the pleasure ot wit- 
Ming all thic ordinary phcnoinena of frictional electricity, itlnstnt«d 
^ Dr. Fuadaj, with the assistance of the animal electricitj derived 
tarn lUs carious crefttnre. Recent experiments hare, however, proved 
Hat the electric cnireiit is induced through the agency of the nervous 



kit's n^TBOOK or scnscc 

mlem. TUa Jmfx^Mk bet las beea enutouMted bjr M. Daboiv 
BuTBoad, vkoseener^ot btfaosrecaikd:— A<r^ider at vooi is 
Sntlr'"^ •«»■** Me edn of ktal^i two wab filled »ith sah and 
vit« m pbeed 4H tke taSl^ m aaek k pamtiv tbat a person graspinff 
Ibe cjlader but, at the mmc tin^ iiBcrt the tne-fi^er of each band 

imthm WBter. Em*— »1 «n»t«Y».» m*fallM.pl»l* .mityimmiini^^tj.;^ 

h|f two viic^ wiik an oSrcBch' aoiHtUe nhnoaeto'. Intfaeinatm- 
mat tmqiajtd bj M. DaiboB-ltAjBDn^ & nie is about 3^ milw in 
IngtL The ■ppaiatos bciag tkns aiu^«], the ei.periiDenfer grasps 
tke cjfinder of vood fim); with botk hud^ at the same time di[Hiii4r 
Ob Hn-fioger of tmA hand ia the ttliae sato-. The needle of the 
galraw)*etcr RBnsBndntaAcd; thadeetncmireiifojMsaiiigb^lhe 
■ems of Mcb ub, aad being of tite aame totee, nentialiie ead& otluT. 
Nov, if thB cxpancakc pa^ with ^agf the criindec of wood with 
tW nght bnd. 1^ Idt haaf RBMBJas reined and ate. inmediatel; the 
■Mdk win nore bom wcot to noth, aid deaetibe m. aa^ of 30°, 40°, 
9 50°; MidaLii^ the §ns^ D«B Dcedk wiUretan to its oiif^ 
The myiiaM^ H^ M leiened ^ eaudojii^ the left arm, 
■ free I tkaeedkwil]. in thH ai^ be deflected 
I leioaiBg of the ii^ob of tbe needle proTea the 
.1 of ths namiws Itafee. The coodilions, it uaj be added, 
d tottesMieesBof theexpenment are: 1st, &Bat mnscolsr and 
I eatm-; Snd, The ovtractkia of only one am at a time ; Sid, 
Dnwas and aeanfiaeas of skin: and 4th, Fteeden fiom snj kmd i^ 
■ - ■ - dp«t. 



a ap M cn t Out ecrtVK a d b aW ac ei , saA ta^Ko, Kiliu-wax, Sx^ reUin 
tM cenditkn of dKDkal exettenent ; whibt crthtt fao&a, and rspedallj 
tho M<ililii. seeH who^ tDCH>alilB of dectneal cxcita&ii : heuoe tlie 
dntiSntioaof bodiBiatocaadaetanndnaa-eoiidDeton of ekctiicitf . 
Tbis ■RangeMcot ts not strietlf cnmct, be e a aj e do sabstamce can m 
maided as alBoMd^ a nadMtor, or n«rMn£ It is better to e 
Mkr these' - .. . 



g the two extrcaes of a long chain of inter- 
we J at t litik^whki pass b; ioseMble gradations the one into tbe otho-. 
Ia tbe nanahcton of dectdeal ^mtas, ^ass is of cooise largely 
wiiJiiji d. aad Ibis iihitiwr, with anua and wood, oooetitDte the osnal 
MMMtiii. One of the BOst imtnctire pieees of a^aiatns is the elec- 
tnwxne, which on be Made with a gas jar, a cw^ a piefe of glass 
t«W Btau win and ball, or a Bat dise of bnsa, with soaie Dateh metal, 
«r sbll brtter, gold kaf. The httn is Gnt eat into strips b; retaiatng 
the kef betwen a sheet of wdl«laaed p^per and cutting t&oogh the 
PMMT aad the eof^er or gold kaC otherwse it wooU be impossible to 



_ _ The co^ is next fitted totbegas jar, and|, 

irithakittoKdUtthe^*sstQbc.«hidim]ist bethtni^^ 







~ '^ "« t»« of Ihe Pill 

«■, Hid iha whole 

^gMju, uuifoniu 

_ _ . Bid the daotraiooiie. 

Wik tfe bc^ of Uiis UTWigcmcnC, 

-* ' "" - — —■'—■, experiineaU me 



^ ^ la^ he Ad: «% « 

K MO^I^ H^ A* ^ gM jl 




s betwwa condttctnn nnil 

■iHf ihovix by nibbliu( a 

itapieco of vooUpu olotli riv.iM i.Tlitl 
■ hi aii M g the wu to the bnuia duo of ^l,i'j'> "1*11 ii'i "!". 
Hfe Me gold Imves n ' 



.0 i.,gc, h.,,, attrrani 



« to the law "tiat boiin limi- 

Wtn/Sed npei eaei elirr." If thu briui nii|i In ( ilint wlill'l I)l« 

we la t^ electrical state, thi^y fi\U nftiiln In Hi. :> ..i!' ;.. .1 |iii<l| 

iombig that sealuu>-wai, after Dciiig dm'IIi-iI ,> i i i.i> il 

loo, ai also the gold leaTca, bceiiusis t.|ii\v ju I .<' i << .i,..., 

1 is tenned innlaM — i.e., exxl olT triim i Ii. -.. • ii 

itb suirounding objeotSi Wbeu. liowci>:i, iln' -kiIdlk wm iu 
tiuoogli a damp band, or tho oroM (li*u u! tliii utiiuLruii(>ii|iil 
d,tlie eiectTicity 19 conveyed ikWftjtothaeitrth,bs<uu«n tho humNit 
1 & conductor of electricity. 

Eighth Expmnuitt. 
la a brass wire is robbed and broui(lit to Ibn flnnt'ORnripn, llio 
doBot mose, inconscqflencc "'' ' ' '' ' 

irougli the body as fast Ba it 



in consequence of llio cicotrlcitY jjnuiilnK away tn l.jin 

.„ . dy aa fast Ba it is (traorntpd : it njimt likn plHirllij( 

into a leaky cistern ; but if the dtm* wirn i> tiiul to a I'hik Ktlnk 



^ E, and this latter held in tiia hand wlillit tlin wlni It rubbmi 
bit of ^nnel, then the sold leave* of Ibe cleotrotoopo tn affoolMli 

OQat of the insulation of tho metal, u rverj (ubstAOoa wliiob cut 
bed (even fluids, as water} produces electricity. 




Hc.l«*. A»«liUnl rtmiiBK 



If a liulc powdered cliolk i; 
tMv-iblT ej«iea on to ihi- djs, 
MTtii'W of clialk aaaiust the 
L:»iu»t ihf akc of tlie initrunKa- 
tMK the gwlJ 1^T«» ^'^ *'*■'' *"' 

AVbiUt tV IwTfs of tV dfctrosc , 
tWwpUralioo of B bit of nibbed sn. 
to •ppriwh wPh oihfT on bnnpDg 
«ii)! » rilk-lwndkMrhitf ; bfoause ibe 
»« » aUfcmii fiwn »h»t procured (^ 
mn'wM or *tjM>ir* clcetrieity, the latter • 
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with an excited piece of sealing-wax. If the electricity producec 
negative, they repel each other further when the excited wax is 
projEu^ed ; if positive, they fall when the excited wax is brought n 
them. 

Eighteenth Experiment, 

When fresh, dry, ground coffee is received on to the disc of the d 
troscope, as it falls from the mill, powerful electrical excitatior 
displayed, and this is sometimes so apparent, that the particles cl 
around the lower part of the mill or to the sides of the cup or ba 
held to catch it. 

Nineteenth Experiment. 

After playing a tune on a violin, hold the bow (well rosined) to 
electroscope, when the usual divergence of the leaves will be apparei 

Twentieth Experiment. 

Cut some chips from a piece of wood with a knife attached to a g] 
handle, and as they fall on to the electroscope the leaves are repelled 

Twenty-first Experiment, 

Warm a piece of bombazine by the fire and then draw out some of 
threads fwmch are of two kinds— viz., silk and wool), and place tt 
on the electroscope, when divergence of the leaves immediately ta 
place. 

Twenty-second Experiment. 

Put upon the same leg a worsted stocking and over that a silk o 
if the latter is now quickly rubbed all over with a dry hand and n 
the fire, and then suddenly slipped off, the sides repel each other, s 
the silk stocking retains very much the same shape as if the 1^ a 
remained in it, and of course collapses as the electricity passes away. 

Twenty-third Experiment. 

Electrical machines consist only in the better arrangement of hr 
pieces of glass and a more convenient mechanical contrivance for rubb 
them, and are of two kinds — ^viz., the cylinder and plate machines ; i 
usual to give directions for the manufacture of an electrical macb 
from a common bottle, and doubtless such rude instruments have b 
made, but as Messrs. Elliott Brothers, of 30, Strand, now supply ex* 
lent small machines at a very low cost, it is hardly worth while to m* 
even a small expense for an instrument that must at the best be a T* 
imperfect one and frequently out of order. (Eig. 166.) 



ELECTRICAL HACIIIKES, 




I'late mMbiaeB aie Eomewhat more expensive than cylinder ones, but 
J llie aame thne are more quickly prepared for experiments, and Mr. 
narder, of Plymouth, states, that the teerel ill obtainiug the great^'st 
WOMit ot edectricitj from a cylinder machme, is to keep the inside of 
^ glasa Bbsolatel; clean, dry, and free from dust. Sometimes the 
gl*9) of which- electrical macmnes are made is wholly unfit for eleo- 




sot's n-ATBOoK or a 



triad pnipOMS, in consequence of the dactnnptHif km of the Borfaos 
frotn ijnpaieCt mannfactnre and the libention of tiie alkali (Fin> 




FlK ie§. Woodwud'a donbls plita dntital nucbiiic, ghiag % much li-nr 
quulitj Dfelsctricltj UuD lig. 187. 

Taenly-Jbtirlh Experiaeitt. 
Cylinder and plate machines are fnrnisiied with proper rubbers, uid 
before nsing the inatroment it is usual to remove them, and after care- 
fnlly cleaning the glasa with a dij silk handkerchief before a fire, 
the rubbers are scraped with a paper-knife t« remore the old amalgani, 
and fresh applied by fint melting the end of a tallow candle Hligntlr, 
and after passing this over the rubber, the Gne); powdered aatalgam la 
now dusted on t^ it. Electrical amalgam is prepared by fusing one part 
of zinc vith one of tin, and then agitating the liquid mass with two 
ports of hot mercurj placed in a wooden box; when cold it sboald 
be carefallj powdered and kept in a well-stoppered bottie for use.. 
When the amalgam has been applied, the rubbers are again screwed 
in their places, and the machine when turned (if the atmosphere is 
tolerably dry) will emit an abundance of bright sparks. 

Taentj/Jiflh Expenmenl. 

Attraction and repulsion are siiown on a lu'ger scale, with the is- 
I, by pladug a fishing rod (the last joint of 
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which s. thin wire passes to toe prime 
conductor of the electrical macnine ; 
on taming the iDstntment, tbo 
strips of paner all stand out and 
repel each other. (Fig. 1G9.) 

TurfHiy-tixli Exjitiimml. 

Suspend from the prime condnctot 

bj a clmin a circuiai brass plate. 




..,. .BS. A 1. The rim Joint of tlie 
ioDiT'rod, from whifdi the lut jdlnt, 
rrjiDg Ib> papM Uoel, a. pcojcdi. a 
he electricm] machlDO, 

_1 andei this place another sappoiied b; a brass adjaslbg stand. 
f pith Jiearea of men and women are placed on the lower plate, thej rise 
ireattf the machine is turned, dthough sometimes, in consequence of 
;Dlarttj in the adjustment of the centra of gravity, they pcrvciaelj 
e on their heads instead of the usual position ; out of half a do2eu 
„ es, one only perhaps will be found to dance well, bv alternately 
Unpiog to tliE upper plate and falling to the lower one to ujscbarge the 
icess of electricity; and indeed the experiment will be found to 
icceed better with one or two only on the plate instead of a number, 
I tbej cling together and impede each other's movements. (Ftg. ITO.) 



Bors FU.YZOOS or squnce. 

Tioenii/-ieeenth Experimeiii. 
An assistant provided with a wig of well-conibed hair presents ft 
moat ridiculona appearance wheu standing on the insulating stool and. 
connected by a wire with the prime conductor of the electrical 
machine, ever; hair, when not matted together, standing ont in the most 
absurd manner, when the machine is put in motion. 

Tasntj/siphCh Bxpenmsnt. 

Whilst standing on the stool, sparks may be obtained from his bodr, 

md if some tow ]s tied over a brass ball, and moistened with a little 



Ticeaty-ninlh Experimsnl. 

If small discs ot tiafoil, out out with a proper stamp, are pasted in 

continuous lines over plate glass, or spirally round glass tubes, a Tcrj 
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fMttj effect is prodnced when thej receive the Eparks from the electrical 
BMchine, and the passage of Ihe electriciU from one disc to tJie other 
yndnccs a vivid spiral or other line of ligbt. Whcu the tube is 
MDODted in a proper apparatus, so as to revolve whilst tlie simrlcs pus 
4aini the spiral lube, the effect of the continnous electric sparkB ia muck 
ieightenod. (Fig. 171.) 

TAirlieii Experiment. 
A preat varietj' of experiments, depending on the proper arrangement 
of discs of tinfoil on various tubes of coloured glass arc manufactured, 
ome in the form of windmills, the nails being made luminous by tbe 
pisuge of tlio electricity. Thenatnesof illustrious electricians, beautiful 
crescents, stars, and even profile portraits, have been produced in con- 
timiong stieams of electric sparks. 

Tiirijf-_firil EtperieteHt. 
When an electrified hody is hrouglit towards another which is not 
dectrical, tbe latter is thrown into the opposite state of electricity as 
UD^ as the excited body remains ia its neigbbourhood ; and tbis con- 
ation of electrical disturbimcc, set up without any contact or supply of 
ctoicity, b called induction, and involves a vast number of interesting 
lMto,wbicli are thoroughly discussed in Dr. Noad's esoellent work on 
witriorty, but can only be briefly alluded to here. 

If a namber of kngtha of brass wire, supplied with balls at the ei- 
tttmiliea, are supported on glass legs and arranged in a line, with a 
"'Ue pitli ball attached to a thread hanging from each end of the length 
*f brus wire, the effect of induction is sDown very nicely ; and when an 
"oled glass rod is brought towards one end of the series, the rising of 
™ pitli balls 1o each other betrays the change whicb has occurred in 




^■'Jl ThelPngt!iiorbnimw!rerapparteil on (rioM rod pillirj inamfcd by blowpipe, 
t^ I niHA pDilIiVfl and Negative, and Che ii^nH [or theee tcrmB an plauiKl i^iore. 



BupporC the glam rods. 

•"•cJectrieal state of the brass wires by the mere neighbourhood of the 
jMllftJ glass tube. Tbe glass tube ia olcctrilied positively, and attracts 
™ Hf^live electricity from the brass wire towards the end nearest to 
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it ; the other extremity of the brass wire is found to be in the positive 
state, and this re-acting on the next, and so on thronghont the lengths, 
completes the electricaJ disturbance in the whole series. (Fig. 172.) 

Thiriy-iecond Experiment, 

If an insulated brass rod (such as has been described in the last 
experiment) is touched by the finger whilst under induction, it remains 
permanently electrified on the removal of the disturbing electrified body; 
and it is on this principle that the useful electrical machine called the 
Hectrophorus is constructed. This constant electrical machine— for it 
will remain in action during weeks and months if kept sufficiently dry — 
was invented by Volta in the year 1774, and has been brought to great 
perfection by Mr. Lewis M. Stuart, of the City of London School ; so that 
with a little additional apparatus the whole of the fundamental prin- 
ciples of electricitv can be demonstrated. It consists of a flat brass or 
tin circular dish about two feet in diameter and half an inch deep, which 
is filled with a composition of equal parts of black rosin, sheU-lac, and 
Venice turpentine ; the rosin and the Yenice turpentine being first 
melted together, and the shell-lac added afterwards, care of course being 
taken that the materials do not boil over and catch fire, in which case 
the pot must be removed from the heat, and a piece of wet baize or other 
woollen material thrown over it. Another tin or brass circular plate of 
twelve inches diameter, and supported in the centre with a yamished 

flass handle nine inches long, is also provided, and the resinous plate 
cing first excited by sevend smart blows with a warm roll of flannel, 
the plate held bv the glass handle is now laid upon the centre of the 
resinous one, and if removed directly afterwards, does not afford the 
electric spark ; but if, whilst standing upon the excited resinous plate, 
it is toucned, and then removed by the glass handle, a powerful electric 
spark is obtained ; and this may be repeated over and over again with 
ttie like results, provided the plate with the glass handle is touched with 
the finger just oefore lifting it from the resinous plate. (Fig. 173.) 





Jililiillliiroiii!:.^! 



M^ao'Mi'^^i'iiJSffliiiii mm 



Fig. 173. ▲ A. Large circolar tin or brass disc with tamed-np edge half an inch deep, 
and ccmtaining the re^inoos mixture b, which is nibbed with the warm flannel, o a The 
upper plate supported by the g^asa huidle is a pith ball attached to a wire showi tbi 
electrical excitanon. and tht qiKk ta Hfpond to be pairing to the band x. 
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electricity excited on the resinous plate is not lost, and bj indac- 
sets up tlie opposite conditioa in ttie plate with the glass handle. 
resLDOus plate, beins Excil«d with negative electriei^, disturbs the 

quiescence of the apper pkte, and positive electricity is found 

tlie aorTocc touching tlie resinous plate, and necatife electricity on 
. upper on^ so that when it is removed without being touched, the 
4«o electricities come together again, and no snark is obtained ; but ir. 
It already described, the upper plate in touched whilst under induction, 
Hien pMitive electricity appears to pass from the fiuger to the negative 
dettecit; on the uppei: side of the plate, when the two temporarilj 
aeutiaUze each other, and then, when the plate is removed, the excess 
of electricity derived from the earth through the linger becomes appa- 
JtaL Induction rei^uirCB no sensible thii^ess in the coadactors, and 
cube jnst as well produced on a leaf of gold as on the thickest plate of 
metal; and it should be remembered tliat non-conductors do not tetaui 
their stats of electrical excitation when the disturbing cause is removed, 
■whereas conductors possess this power, and this fact brings us to the 
consideration of the Lcydcn jar. 

Thirt^-ibird E^penttieul. 
If DBC aide of a, dry glass plate is held before and touches a brass ball 
prooeedlng from the pnme condQCtor of lui electrical uiachinc whilst in 
action, the other side is soon found to be electrical ; this does not arise 
torn the conduction of the electricity through the particles of the glass, 
but is produced by induction, tho side nearest the ball being in the 
pmtive statCj and t!ie other side negative : as glass is a non-conductor 
oftleotricity, the effect is much increased by coating eiush side withtin- 
Icoi, leaving a margin of about two inches of uncovered slass round the 
(KRered portion, theit, if one side of such a plate is held to the prime 
woduotor of the eleotriral muchine, and the other connected witli the 
iroiud, a powerful cbarce is accumulated; and if the opposite aides 
uebrooght in contact with a bent brass wire, a loud snapping noise is 
Wil, and the two electricities resident on either side of the moss come 
together with the production of a brilliant spark, or if the nands are 
WcMituted for the bent brass wire, that most disagreeable result is 
obtained — viz., an eledrie akock; hence these elass pbtes arc Bome- 
liinn litted up as pictures, and when chargeu and handed to the 
Bniuspeoting recipient, lie or she receives the electric discbarge to the 
great discoimort of their nervous system. 

Uica is sometimes subslituted for glass, and the late Mr. Crosse, the 
wiebtsted electrician, constructed a iiowerful combination of coated 
fiites of Ibis mineral. It consisted of seventeen tilates of thin mica, 
Ueh Ave iiicbes by four, ecated on both sides with tinfoil within half 
U inok of the edge. They were arranged in a box with a glass plate 
.tetweCD each mica plate, ul the upper sides were connected by strips 
of tiuToil to one side of the box, and all the under surfaces in the same 
icr with the opposite extremity of the box, Tliey were charged like 
'diuary Leyden battery. 




BOrS PI^TBOOK OP SCteSfSK. 




ThiHif-fourth Eiperimeiii . 
If (he glass plate coated witli tin- 
foil is charged, aud then placed up- 
right on a stand, it may he slowly dia- 
diarged by placing a lint wire on the 
edge with the estremitiea covered with 
pith balls. The wire balances itaelf, 
and continnes to oscillitte with noise 
nntil the electricities of the two sur- 
faces nentmlize each other. {Fig.l7i.) 



.TitiodooiiM 
wHb UnfoU on euh ildi^ i. c. Win 
with pith TmIU cwdllBdn^ doriDf the 
discur£« oflbe ^lafc plate. 
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plate of the last esperimeftt rolled np 
into the more convenient form of the 
Lejden jar, which consists of a glass 

vpssel lined both inside and ont with tinfoil, leaving some two or uiree 

inches of the glass round the month uncovered and Tarnished with 
sbell-lae; a piece ofdry woodiaGtted 
into the mouth ot the jar, through 
which a brass wire and cbaia ore 
passed, and the end oatside is fitted 
with a ball. The Leyden jar ia 
charged by holding the ball to the 
prime conductor of the eleotrical 
machine nntil a sort of whizzing' 
noise is heard, caused by the excess 
of electricity passing round the un- 
covered part of the jar and not 
throao:h it, as the smallest crack in 
the gmss of the Leyden jar would 
render it useless. Electricity is 
sometimes called a fluid, and the fact 
of collecting it like water in a jar, 
helps us to understand this analogy. 
The noise, the bright spark, or wa 

?hw* *K <*t(.inM by gT«P',",S,tl'^ outside with one hand and touch 

MieM witk » Ihto fire held m the other. (Fig. 175,) 

tVrty-iirli Erpfrimeiit. 
'ft*Vl''««^****^ 'f ^''^ balls are removed from the di 
,H— ^mtlwmfewstJ,"*!*^: so. also, the whole of the e ectnei^ 
J. rt_ ■_, iJijJiiMil mrhmr in full action may be readdy drawB 

'' .,. ^ .-cs-tiBiore rapidly through points than ronndadfl 

^ ■ , ,>T aU parts of eleotrical ajiparatua — ' — ' 




—jvsmqrft" Wntbf puant; the Auge of ■ Ure<' 

'ban. Tfce diCHr jara, calied spede jws, iiaiiallT 

; in tke winiknra <tf cbnoista' sbofis, mste eicel- 

.^a not bw tUdi; Bad vith tvo of the lat^cst, all 




■hile pfper ™il "ir™ P""" of brut wi 

of dfSikiintloiL ■ I. ChUBml tiii|(e I^jdiia t*tl«T 
«Ui oTUie eluuidl;. 

file interesting effects produced by acCTirankted electricity may bo dis- 
~'ijed. To pass the discharge through wires, nothing more ia required 
Bto strain them across a dtr mahogany hoard, hetween two brass 
res aad balls, and if a ahect of white pnpcT is giloced nnilec tlirui, most 
Ndoub maikdogs are produced by the fine particles of the dcfla^ated 
"■"l blown info the surface of the paper. An arrangement of two or 
Lejfdenjars is usually called a Lcyden Battery, just as a single 
-}a la spoken of as a zun, whilst two or more constitute a battery. 

Uk-m.) 

Tkirl^-eighlh Experimmil. 
Little models of houses, masts of ships, trees, and towers are soH by 
(be instrument makers, and by placing a lon^ balanced vriro on the top 
(fUie pointed wire of a large Layden jar, naving one end furnished 
■itL wool to represent a cload, a most cxcelleat imitation of the effects 
tf » chai^d thunder-clond is produced. The mechanical effect of a 
luh of liglitning has been analysed, and it has been stated, in ono 
Wsnce, that the power developed through fifty feet was equal to a 
!,2S0 horse-power engine, or aliout the power of the engines of the 
Onat Saltern, and that the explosive power was equal to a pressure of 
handred millious of tons. (Fig. 177.) 




It was tlie leameii but hiunble-minded Dr. Franklin who establi; 
the idcatit; between the mimic clTects of the electrical machines (: 
as have been described), and the awe-inspiring thunder and Jightmnj 
nature. A copper rod, half an inch lliict, pointed and gilt at the 
tremitj, and carried to the highest point of a building, will protei 
circle with t. radius of twice its length. The bottom of the rod mus 
passed into the earth till it touches a damp stratun:. 




CHAPTER JIV. 



If describing the Tarions memiB b; which dectricitj nrn; be ohtuDed, 
it vas stated that " Chemical Action" naa a most important source of 
Ihis remarkable agent; at the same time it must he understood that it 
13 not ever; kind of chemical action vhich is adapted for the purpose ; 
there are certiun principles to be rigidlj adhered to — first, in the 
pieration of the force ; and sccondlj, in carrying it b; wires £o as to 
nappbcable either for telej^phio purposes, or for the highlr v^uable 
processes of clectrotjping sad electco-silvering, plating, ana gilding. 

A liehted candle, or an intense combostion of coal, coke, or charcoal, 
mdouot involves theprodnetionofelectrieitj, but there are no meaneat 
freacnt known hr which it tna; be collected and conducted ; when that 
ptvhlemis BoUed,the cheapest voltaic batterj will have been eonstmcted, 
mvhich the element decomposed is charcoal, and not a metal, such as iron 
m EDO. The first and most simple experiment that can be adduced in 
ptwf of electrical excitation bjchemiisl means, is to take a bit of clean 
line and a clean half-crown, and placing one on the tongue and the other 
below it, as long aa they remain separate no effect is observed, but 
direotl; the; are made to touch each other, whilst in that position, a 
pamliar thrill is rendered evident b; the nerves of the tongue, which in 
lliis case answers the same purpose as the electroscope alreadj de- 
Kribed, and in a sbort time a peculiar metallic taste is perceptible. 

It has been stated over and over again that it was to a somewhat 
amilar circnmslanee we owe the dJacoTcrj of voltaic electricity, and 
the stoiy of the skinned froea agitated and convulsed b; an acculental 
tcmninnicalion with two different metals, or, as some saj, with the 
electricity from an ordinary machine, has been repeated in nearly every 
iFork on the science. Professor Sillunon, however, asserts that the gal- 
Tonic story is doubtful, and is a fabrication of Alibert, an Italian writer 
iif no repute, and that greater merit is due to Galvani than that of being 
merely the accidental discoverer of this kind of electricity, because he had 
been engaged for elevsa years in elcctro-physiological experiments, using 
hogi' legs as electroscopes. It was wliilst eiperiuienting on anini3 
imtability, Galvani noticed the importaat fact that when the nerve of a 
dead frog, recently killed, was touched with a steel needle, and the muscle 
wilh a sSver one, no convulsions of the limb were produced until the two 
different metals were brought in contact, and be explained the cause of 
these singular after-death contortions by su|)posing that the nerves and 
muscles of all animals were in opposite states of electricity, aod that 
these nervous contractions were cansed by the annihitation, lor the time, 
of this condition, by the intcraosition of a good conductor between them. 

This theory of Galvani had several opponents, one of whom, the cete- 
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c&ct on a delicate elGctrometer ; hence voltaic electrieitr is Kud to 
of low inteositj, and this gropc^j makes it mnoh more UBoful lo 
inldnd, because it has no deaire to leave a metallic path prepared for 
, and does not seize the fiist opportunity, like the electricity from the 
iectiical machine, to ran awaj^ to the earth through the best and 
kortest conductor offered for it. If electricitj had onlj been producible 
tj friction, we should never have heard of eleetrotjpiug, and the other 
lefnl applicatiooa of electrical force of low intensitj, 

Seciad Hrperimoil. 

To ascertain the 

pusuie of a current 

tf Toltaic electridt;, 

imtrainent called 

^ranometer 

die IS provided, 

liid consiata of a 

iH of copper wire 

— junding a nuig- tted elide, 

1 needle, so as to 
ire the latter freedom of motion from ri^t to left, or vice vend, 
nwn this coil ia made part of the voltaic circle it becomes magnetic, 
Id rescting on the magnetized needle, deiects it to one side or the 
' according to the direction of the current, (fig. ISO.) 

Third Sxpm-ixenl. 
pie voltaic circles, such as the one described in the 
connected together, they form a voltaio bntterj, 
the quantity of electricity ia greatly increased. 
■tteries of all kinds, from the original Yolta'a pile, conBiatiog of round 
Be and copper plates soldered together with interposed cloth moistened 
ith dilute sulphuric scid, or his couroane dec iasies, coDsisting of zinc 
A Bflver wires soldered together in pairs, and placed in glass cups 
ntM^ipg dilute acid, to the improred batteries of Cruiiuhank, Wil- 
Bilbiiigton, WoUastoD, and the still more perfect arrangements 
all, MSlios, Shilliheer, and Grove, have been froin time to time 
for tlieir own peculiar features. 
Jboong^ these several inventions, none will be found more useful 
' Itbe BOMifaMJ battery of Daniell for electrotyping, silvermg, gilding, 
□Qier purposes, and Grove'a battery for all the more brilliant reaults, 
I at the deflagration of the metals or the production of the electric 
i, Tbe consiruction oi the Darnell and Grove batteries will there- 
be desoribed. The former consists of a cylindrical vessel made of 
,^wr, in whicli is suspended or placed (as it is open at the top) a 
eubnmons, brown-paper, canvas, or porous earthenware tube, con- 
iiUDg an umiilgamated rod of zinc. To charge this arrangement, a 
- solution of sulphate of copper, with some sulplmrio acid, is 
•n the copper vessel, which ia provided usually with a sort of 



If a number of si 



19S boy's platbook 

colander at the top to hold crjstala of suljihate of copper 
s tube conliuDing the zbc rod is poured dilute siupbi 





twenty, afford a quantity of electricity sufficient to demonstrate all the 
usuid phenomena. (Fig. ISl.) 

Proleaaor Grove's battery consists of a. flat glazed earthenware Teasel 
coutainins a flat porous cell. An amalgamated zinc plate is placed 
outside ttie porous ccU, and n platinnm plate inside the latter. The 
mrangement is put in actjou by pouring dilute sulphuric acid round tlie 
zIdc and strong nitric acid inside the porous cell. A set of Qrorc's 
nitric acid battetj, as manufactured bj Messrs. Elliott, Brothers, of 
30, Strand, with fifty pairs of sheet platinum, five inches by two iudies 
and a quarter, and double ainalganinted zinc plates, flat porous cells, and 
separ&te eartheuwarc troughs lor each pair, and stout mahogany stand, 
arranged in ten series of five pairs, will btoIyc with a proper voltameter 
one hundred cubic inches of the mixed gasea perioinute from the decompo- 
sition of water, and will exhibit a most brilliant electric light, when 
arranged as a single series of fifty pairs of plates. Even thirty p^s 
exhibit the most splendid eiTects, wnilBt forty may he regarded as the 
happy medium, giving uU the results that can be desired. {Eig. 1S3.) 

liie advantage of employing amalgamated zinc is very promincnilj 
illustrated whilst using anypowerful arrangements of either Darnell's or 
Grove's batteries, as they will remain for hours quiescent, liite a 
asleep, until the terminal wires of the series are brought in c 




titroDgh the intenrention oF some fluid under decora poiition or b; 
, of oEarcoal poiuta. The author had the pleasure of -witricsainK 
■tKJue's College some of the efiecU of an enoTmoua bntterr, prepnrcu 
>7 thelate Frofesaor DanieJl, and consisting of seventy of bis cells, 

AeontinuoQB arcliof flame was produced between twochnrcoalpointi, 
vim ^tant from each other thi-ec quarters of an Inch, and the light 
•nd heat were so intense that the proleaaor'a face became scorched aud 
inflained, as if it had been exposed to a summer he&t. The rajs col- 
lected b; a lens quidtlj llred paper held in the focus.* 

Fourii Experiment. 
It is bj "chemical aetion" the electricity is produced, and as action 
and reaotiou ate always equal, but contrary, wcarc not surprised to Ibd 
that the electricity from the voltaic battery will in its turn dcoompow 
chemically many compound bodies, of which water is one of the most 
interestiiift examples. It was in the year ISOO, and immediately after 
Votta's ajmonncement to Sir Joseph Banks of his discovery of the pile, 
that Messrs. Nicholson and Carlisle constructed the first pile in England, 
consisting of thirty-sii half-crowns, with as many discs olzino and ])astc- 
boaid soaked in salt water. These gentlemen, whilst experimcntiDg 
with the pile, observed that hahblcs of gas escaped from the platinum 
wires immersed in water and connected with the extremities of the 
Tolta's pile, and covering the wires with a glass tube full of water, on 
tbc ind of May, IBOO, they completed the splendid discovery of the 
fact that the "Volta'a current had the power to decompose water and 
other chemical compounds. 

Ufl^t from the nuoc battery pholaEvnic ilnLwinitf tveto taken, i 
pffwa'wH so grtiftl 01 to fju with the attnost lOAdlueiA t bur of plaliaani ( 

blliliquKi Bnd aJl tha more iDftniblo InElal*, aarii h rbodiura, iridium. . 

idlfd Like wai kIkd placed in bduUI cavi^ea in lurd niipbitc mid oposBd hi 

ofdcctrldlj. 




Il 1^1, Jkaj had sue- 
ceeded loaTicaiit post in 
zns Bovil Institiitiffli, and 
isoL OttL eck, 1307. made 
33 U Jiim I il ent £sooTerj 
c£ jjKiwBw vilh the aid 
c( tar Toiuic battery, and 
feonthsl ad other expe- 

that the 
of die ^obe 
of the oxides 
of Bicta£L To exhibit the 
dee— ywitiiMi of water, 
tvo AlfwiMi plates with 

wires. 
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to small metallic 

of mercmj, are 

ins^e a elass 

ivssel, whidi is then nlled 

with dilate salphoiic acid. 

Jest abofe the platinum 

fhles and over than, stand 

two glass tubes also ccm- 

the same fluid in 

with the battery. 

Two measoies of hydrogen 

are Ibmid in one tube, and 

of oxTgcn in the c^er. 

1S3".) 
o measure the quan- 
tity power of the Toltaio 
battery, an important in- 
strument iuTenied by Fa- 
raday is used. It consists 
of separate platinum plates 
oemoited in a wooden' 
stand, and oTer which a 
capped air-jar with a bent 
pipe is also cemented. Tins 
appuratus contains dilute 
« ,^. ^ . .^^ J ^ . ^^ sulphuric add of the same 

Vig.l»L. A. Gas jar with cap and bent tube pMsm^ «*™«»k «« *l,«4. „„«J :« 
to & gradoated tobec; the ^ ia cemented tottS Strength as that used Ut 
aame itand which earries the connecting ciqie, wires, the battery under exami- 

and platinimpl^wWiA are bent round each oth^ nation, and by takiuff the 
to improre the action of the Toltameter. *«.«^^#**, «.*»* »/j m*.uik wo 

time, the quantity of the 
mixed oxygen and hydrogen gases producible b]r a battery per minute is 
accurately determined, the gases of course being collected in a gra- 
duated jar. (Rg. 184.) 




Tiph Etpfrimml. 

BreiDvpnu; the simple circlet f'jnniag * fotofe hitlwy jb « 
iMiiil rdaitoDS, the quantUg and MtMitf a&tf* am miii H t t. . 

Ob, if * series of tbirt; pun of (jffl**'* kHm an 4( »Miw<a| I 
tagettcT b consecutiTC order, the MOMllcrt J t M W W> ' m4 (fe« lapJAJ 
i^Ean^ effect is produced. ' 

If r&auged to two gronps of ffftMB cmd^ &• i| 
Aa it to saj, it will produce dmMe tbt ^jtmOlj t4 Om t 
bm (he voltameter with half ths ialcMtf. 

If irranged in three groups of ten cMt, k k IW tdM » 
tioDil loss of iuteuaitj, untQ thegnnfiog ftMka '' '" 
rben a mftsimum supply of lu Btinl pMI 
nJtameter. 

In arraamii? tho groups, all the IiM Mfa 1 . . _ 
iiected,^aUtbcpktmum cod^ are Oevimiltimiftffi 

Siili Srperimatl. 
A plate-glass trough, con- 

twnijig a few grains of iodide 

of ptassium dissolved in 

wler with some starch, is 

ouickl; decomposed into ita 

eltmeals bj placing in two 
plAtinum pktes ana connect- 
ing tliem with the wires of 
tiie voltaic battery. If the 
glass trough is divided ta the 
oentrf. with a bit of cardboard, 
the jiurple eolour of the iodine 
tnd starch is shown very beau' Ji^JSitt^ 

tifuUj on one side, but not Ml utm^mtltm. _ .^ 

the other, as iodine ii h"be. !«■■» wii'Wi j yt ailMtMi iyy.j 
^ .1. •■■^p»««""^«i""e*»» 



Some solution of emamoa all erArmTi^ vitk mJflmU «f Mb» aMi 
placed ID the troo^ it decoanKiwd into cUoriac, wUefc Meaiftl nw 
aide of the iadigo toIntiiBi, and the alluii ' 

not aBect it. 

Bfftn Element. 

Sane nitnle of potash disN^ved in water and etAomtA W 
■laeed in the gbu ntwgb, ebnges red on oiw >id« of fha M 
Ub Ebention of aiaA, and is nX affEded on the other. 

& tbcae experioMBta the tnjgni, iodine, eklDrisc, and ni 
~ rt tu deetnvpnMttve pcde, aad an benee \r- 






eilistke tvo 



«D,sKi««K, a nr: the nrwkicktke 
, cpt^ ^H» to ^: thtf wUck goes mpi a 
Id t^ avde ^anoe tiie poasisc oC a cancnl 

ad «2is; a way: die i 

dovz. aadccpi, to ^: t 

; a sxdoaare vaxft passes to xht raArwir dnniiig ft 

Uie aBm to t^ 



Iz^ 



C£ I3ie 



ar 



scf t^caKsmr^ is ^resaacd anlaablea 
fthrwfn- pevcr of t^ toxut ci€tc or bacteiT, ind 
saer as a sEaele cc3 opnaiion or br distinct Intti 
case t^ ^ok nipk auaj%Taim t will sdfiee; 
}ne BH? or timbler; dome Inown 
; a bc7 of lasil^uaascd me; k«r indMs kme and ha 
a sMt Jemctk of copper wire ; soone bbd: \a^ Uoe t 




~ Ike sbkrtiaa of mlphwfrr 



w)adi t^ c Atmmjuc is to be takea 

piBXer of Paris, wldie wax, gott 
S iHMs ay tke iis: to be sdectod — tul, i 
seauL it is £isx thorough] j blad 
then one end of the oc^^er wi 
roand the top of the aimlgim 
asil the other is geiOlT wai 
ndfied into the side of Uie sei 
a sanall portion nnooToed bj 
which is then wdl bbck-leade 
ccaccs of bhie ritnol are dis 
IvjCsBg water, and idien cold 
tm is poured into the tumble 
piaroas eeU to oontain the n 
c^t parts water to one of 
aod is Boide br loQing the brc 
thrw or four dmes round the 
ckisang the end, and fixing the 
a little anlia^ wax. The port 
brown paper is now filled wit 
late and, and placed in the 
containii^ the section of bli 
the amalgamated line being ai 
the paptf cell, and the atUch 
the c<^per soluticm; in aboi 
hours a good deposit of copp 
duoed, and a perfect cast in 
the seal obtained. (Fig. 1S6.) 



of 
eeO 
tte dOale mifUmne maUi, 
vttdiit Ike SMigamalw' 
totlwaealit. 
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Elliott provide even' kind of conTCnient vessel for tbe pur- 
pose, and in the picture belov it will be noticed tbat the single cell sppa- 
IUgs,tboii^li not bo cconomica! as tbe simple lomhler urangement already 
described, is perhaps more convenient for electrotjping. ^ig. 187.) 




A tingle c«ll apparatus is onlj adapted to produce small electrotypes, 
m whea larger ones are required, a separate battci; o! three or lour 




n»U8, L A ^ntfle cell, rwni 
>dai|kuiiftanici. Belov u 
»liyiiimi of decCrolipbiE ■ fmt non) 
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Darnell's or Smee's cells is required ; and it is usual to place the mould 
to be copied in a separate wooden trough, attaching it to the cathode 
wire, whilst a copper p^ate is connected with the anode, so that as the 
solution of sulphate of copper undergoes decomposition by the passage 
of the electricity, it is kept almost in a normal state, in consequence of 
the oxygen of the water and the acid passing to the copper plate, which 
they attack and dissoWe as fast as the oxide of copper and hydrogen . 
areliberated at the cathode, where the latter deoxidizes the oxide of 
copper, and by a secondary action deposits metallic copper; the object 
bemg to dissofyc fresh metal as the copper is deposited on the mould. 
(Tig. ISS.) 

Eleventh Experiment, 

To silyer electrotypes or other brass and copper articles, the first 
attention must be paid to the cleanness of them ; and when an electrotype 
is just rcmoyed from the copper solution, and washed in clean water, 
it IS at once ready to rcceiye the coating of silyer; otherwise, if it has 
been handled, or is slightly greasy, it should be first boiled in a soluticm 
of common washing soda, and then the oxide rcmoyed by passing it 
rapidly in and out of some "Dipping Acid," which is prepareaby 
mixing together equal parts of on of yitriol and nitric acid; when 
remoyed from the "Dipping Acid," it must be well washed in water, 
and may remain under the surface of the water until the silyering 
solution is ready. A silyer solution may be prepared by dissolyin^ a 
sixpence in some nitric acid contained in a flask ; it is then poured into 
a solution of common salt, which precipitates the chloride of silyer, and 
leayes the copper in solution — ^the latter is poured off when the chloride 
has subsided, and after being well washea in some boiling water, is 
dissolyed in a solution of cyanide of potassium. If a clean electrotype 

is plunged into this solution, it is imme- 
diately coyered with a yery tlun coating of 
silyer, which of course would soon wear o£^ 
and in order to increase the thickness d 
the silyer deposit, a single cell arrangement 
may be constructed of a large gallipot con- 
taining a wide porous cell and a circle ai 
amalgamated zinc around it; the airan^ 
ment is set in action by pouring a solution 
of salt (or, still better, sal ammoniac) into 
and around the porous yessel, and the sil- 
yering solution mto the latter ; a connect- 
ing wire passes from the zinc, and the ar- 
Fig. 189. The gallipot con- ticle beii^ attached to it, is now plunged 
taining the solution of sal ammo- into the porous Cell, whcn a Current of 

SSu'SSi,5?.hStd btodSf electricity slowly passes and depodU the 
screw to which the medal is silycr on the copper article, (rig. 189.) 

attached, and contained in the 
porous yessel holding the silTering 
■olntion and medal. 




EUOTBo-siLTSBDre iXB Qtoaxo. 

Tmelfth Ejpenmeai. 
Biate batteries and ki^ trougUs coalaining a solution of cjimjde 
er in cynnide of potisaiura are used on a eraod scale in the electro- 
j eslablishioent of Messrs. EUdngton of Binningbam, irbeie the 

Sccimens of the art are to be obtained; a plate of ailTCr being 
to the anode to snpplj the loss of silver in the&e troQghs. 

Thirteenth Erpermmt. 
; art of gilding by the agency of eleetrieity is quite aa simple as 
rocesses already described, although greater care is neoessarf to 
any loss of the precious met-aL h. small hit of gold is dissolved 
miitnie of three parts muriatic acid and one of nitric acid, vhioh 
t the chlgride of gold. This is then digested with an excess of 
ned magnesia, and the gold is precipitated as an oxide of the metal: 
ittter is collected and washed, and then boiled in strong nitric acid 
anove the magnesia clinging to it, and being again thoroughly washed 
I water, is dissolved in a solution of cyanide of potassium, forming 
Lutioii of cyanide of gold and potassium, which may be placed in 

Cms cell of the single cell arrangement already described in 
enUi Experiment. 

Fourteenth Erjterimsnt. 
Tie safest and surest mode of makmg a gilding solntion is to dissolve 
~ : cyanide of potassium in water in a gallipot, and having placed a 
us vessel therein containing the same solution, put a plate of copper 
the porous cell, and some thin foil of pure gold into the gallipot ; 
lect the gold with the anode of a single cell of Doniell, and the 
wr in the porons cell with the cathode, and in a few hours sufficient 
IwiU be dissolved for the purpose of gildiug. 

[ is usually recommended to warm the gilding solntion till it reaches 
nperature of abont 150° Pahr,, and a very moderate battery power 
tnploved in Electro Gilding. Indeed the same arrangement, shown 
Ihe iJlerentL Experiment, lig. 189, will also answer for the gilding 
L^„ .«„ uJ .-u .1., .^^.i„ _.- y^ rubbed vrith a little 



Fifteeitth Etperiment. 
Puling on to tbe more brilliant results obtainable from a powerful 
■*"') hatfeiT (of at least thirty pairs of Grove), tlie beautiful incan- 
lee of nfatmnm wire mny firat be noticed. If a wire of this metal 
_tebed netweeu the brass standards of two ring stands, the length 
« be proportioned to the power of the battery ; the adjustment can 
'Vide »BrT conveniently by twisting the platinum wire on one ring 
ld,ntd then leaving the other end loose, the second ring stand may 
koQ^ nearer and nearer to the first, until the desired intensity of 
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li^t &om tlie incai 
mve is obtained. (Fi 
If tlie wire is oonta 
» glass tube the 
effect of conents o 
prevented, and a 
greater length of w 
be made hot. 

SLrieeMaEzperim 

With the same a 
ment, a chain oomm 
alternate links of su^ 
platinnm w\fe nres 
Teiy prcttj effect, 
ah^ornate link of {J 
bein^ incandescent^ 
the silver, from its ei 
oondacting power, i 
compantiTefy oooL 

Sereaieemih &perimeMi 

fireworks or gunpowder, ai 
in proper cases, are fired at i 
distuoe from the Toltaic faati 
hfating a thin iron or platmn] 
contained within them bj tli 
sage of the electricity; an 
maiine and other explosions c 
powder bj the same agency 

become a common eogiiiBerm 
nlioD. (Fig. 191.) 

During the operation of h 
the hanf mail lo^ in tho 
SeTcm l)^ Ifr. EdwndL C 
nnmbcrtt holes were MM I 
side in the bed oi ftm tbk 



cartridges fonned of atm^ J 
canna, tqwred ai tim f 



A. AGcrt> fixcwottviik 

D«d, tbrancii vlaichthe bit cf 
inm wire rawn, nd u wooad rooDdtiM 
tettery wins tied to the oatode of the CHie. 

mf Stto^ ?" lSgSJS * JSLTS ^ere fiDcd with duttgaa < j 
cxuloSoiL horn two to four poodk i 

ing to the depth' €^ & 
thus, two pounds for four feet, three pounds for four feet sii. inoh 
four pounds for five feet. Into the bag were oouTi^ed the wim 
Toltaic battery, or Bickford's fuse, and being then coated with pB 
taUow, and finally greased all over and dusted with white^^ 
larely failed, and were all fired simultaneously under water. Tk 
and tallow first* and afterwards the sin^e tallow, effectoalllx ^ 
ffcf water from Uio gonpowder oontuned in the oan?aa bi^. 




THX ELECTBIC tSSST. 

atii Erperitieiil. 
nmung of yarions 
bj the battery is 
d with ei'eat effect 
\ Rue's discharger, 
Uie ixLcasdescence 
harcoal points pro- 
the eleclrie light. 
nminating power 

from s fortj-cell 

batteiy of the or- 
uxe Ib abont eooal 
gJitofSOOcandles. ,. „ ,_ 
a and Foucault iron. ii»d, 
Kie 8 careful com- ^°^^" 

of the light ob- ' 
torn 92 carbon conples aa arranged in a Bunseu's batterr, and 

ttq-hjdrogen, or Drnmmontl Light, as compared with that of 
, Kid thej state Ihat " On a clear Anguat day, with the snn two 
igli, the dcctrie light (assuming Ihe suu aa niiitj) bore to it the 
E one to two and a half — i.e., the mm waa two and a half times 
Mrertul, while Ihe Drammond Light was only j^th that of the 
Bnsaen found the light from 43 carbons equal to 573 candles. 
len'B bfttterj carbon is substituted for the platinum in GroTe's 
loelit; and simultaneously with Bunsen, Cooper (in 
died charcoal for tho same purpose. 

eU the eiant ship (Foljpbemus like) is to have an electric light 
— .i_j'_l:i_, _.. . atheAthintic. 




CHAPTER XV. 



JUOKCTISM J 



a KLZCTEO-XiGKBTISM. 



It ■ small helk, or coil of covered wire, is arranged with b 
netiied steel needle ffithia it, so that the discliarge of a large 1 
jar may I-'" 




reversed; 

special case, where t 



^^1 house waa struck, the 
electricity entered i 
'&:^. ,"i l>os of knives, fusing 
some, tearing tbe 
handles off otheis, 
bnt lesring them strongly magnetic. Electricians tried to repeat till 
effect by sending the discharge of powerful Leydea batteries tbrougli 
bars of steel withoat any important result ; and it was not until 
Oersted, in the year 1S19, made Ms important diacorarj that the eopp« 
wire conveying tlie electricity possessed peculiar magnotio power, tiiit 
the principle begia 
to be understood, auJ 
then the eieftriciani 
succeeded in imitat- 
ing the effects of 

liirjlt.ning QU steel, 13 
already described in 
the beginning of thii 
chapter. (Fig, 131.) 
"VVlien the electri- 
city bos passed awiy 
from the Lejden jar 
througb the coil d 




fire, it no longpr possesses any power to affect a piece of .^ 
int if the wires of the voltaic battery are now conaectcd Wlfli 
if copper wire, wbieh sbould bo covered witb cotton 
J yams in lengtb, tben a bar of steel or soft iron is not only 

magnelic, bnt remains permanently so, as long as the current 
icity continues to pass along the coil of wire, so that if some 
iron filings are brought to the bar of iron, one end of which 
from the coil, they cling to it with great force, and a great 
of nails maj be bung on in this manuer, but they inime- 
il o£E when the contact ia broken with tlie batterr. (Fig. 195.) 
icity tbua becomes a source of magnetism, and ttio discoverer, 

found tliat only needles or bars of steel or iron were tbua 
and not those o! brass, shell-lac, sulphur, and other substances ; 
d the eondncting wire " a conjunctive wire," and described the 
the electric current or "eleclrie nw/ic^," as he called it, as 
ig a Hebi (from tkivtra, to tnm round; a screw or spiral], and 

not confined to the conducting wire, but radiates an influence 
listAncc. This latter statement is exactly in accordance witb 
ant notions, and hence the coil oonvevine the current is said to 
agnetism in the iron or steel, just as the wienomena of induction 
iced with frictional electricity. The effect of Oersted's disco- 
rs Silliman, was truly electric ; the scientiflc world was ripe 
d the truth be thus struek out was instantly seized upon by 
inpere, Davy, Faraday, and a crowd of phQosophers in all conn- 
he activity with which this new field of research has been cul- 
las never relaxed even to this hour, while it has borne fruit in 
kde cf theoretical and practical truths, and above all, in the 
lagnetic tele^aph, truly called, and especially in connexion 

Atlantic telegraph wire, " Ihe great ialimational nerve of 

itism ia not only the result of a current of electricity tbrougd' 
d conductor, but there are certt* ^ 

if iron, called magnetic iron on 
ave the property of attracting ir 
and are mostly found in pruniti 
being abundant at Rosla^n, 

and called the badatone, from 
lointing, when freely suspended, to 
r. North, or Load Star, If a tole- 
ge specimen of thia mineral ii 
lere will be found usually two j 
B iron filings are attracted in . 
1 than in other parts of the 
. These attractive points are called 
id the loadstone being property ^^ 

with soft iron bars, termed cheeks, mounted in i 
lond it {in old-fashioned loadstones) "''jj*.'"' '™"m 
er plate and dnlv ornamented with irun caiisd thi 
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J tbrougd^^^H 
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engTSVtngi liiia its mngnetic paver greatlj increased, and is then said to 
he endowed witli magnetic polarity; and to prevent the loss of power, a 
H>rt piece of iroD, called the armature, is placed across and attracted 
to the poles of the loadstone. (Fig. ISB.) 

Steond Sxperiaent. 
If a needle of tempered steel (fitted with a little brass cap in the 
centre to work upon a point) is nibbed with the loadstone in one direc- 
tion onlj, it is rendered permanently magnetic, and will now be found 
to take a certain filed position, pointing alwaja in a direction due north 
and south. The end which points towards the north is called the north 
pole, and the other eitreniitj the south pole, and it is usual to 
the north pole with an indent or scratch to distinguish it at all tin 

Third Experiment. 
If anotber bar of steel is magnetized, and the north pole duly marked, 
and then brought towards the same pole of the suspended ma^et, in- 
stant repiilsioo takes 
place; the magnet, of 
course, grasped in 
' the huid is not free 
to move, but the 
small magnet imme- 
diately ahowa the 
same fact noticed 
with electrieitj, vii., 
f- "that dmitar mamt- 
" tiamt repel" Two 
n-ji tb poles repel each 
other, but when the bar of steel is reversed, the opposite effect ocoiui, 
and the suspended magnet is attracted, showing that rfimmiiw t<^ 
netismt allmcl, and a north nil! attract a south pole. (Fig- 197-) 

Fourth Ezperimeat. 
By contact, the magnetic power is transferred from the magnet to » ] 
piece of unmagM&ea 
* steel, and it is slated 

that the highest magnet- 
iziug effect is that pro- 
duced by the simple me- 
thod of JacohL A horse- 
shoe minuet has its poles 
bronght in contact with 
the intended poles of an- 
other bar of steel, like- 
wise bent in the form 
of a horseshoe, and bj 



ma repfUed % 




Inwing the feeder over the unniagnetized horse-ahoe in the direction of 
'■ row in the cut, and when it reaches tlio curve, bringing it back 
to the same place, s&y at least twelve times, and after turning 
whole OTcr without separating the poles, and repeating the same 
DjKTBti'Ui on the other side likewise twelve times, the st^el ia then 
jowerfnllj magnetized ; and it is said that a borse-shoe of one ponnd 
Tdght iBHY be thus charged so as to sustain twentj-six and a half 
ponnda, and that bj tbe old method of maRuetizIn^ it would only have 
BBteined about twentj-two pounds. (Fig. 198.) 

Fi/IA Experiment. 

If the horse-Bboe magnet is placed on a sheet of paper, and some iron 
fl&gs are dusted between the poles, a very beautiful aeries of curves are 
foreied, called the magnetic curves, which indicate the constant passage 
dfthe mngnctic power from pole to pole. 



The magnetic force 
exerted h; a horse- 
dioe-shaped piece of 
•Dft iron, stirrounded 
vith man; strands of 
COiercd copper wire 
n short lengilis, is 
Btrtmelj' powerful 
P%.199), aiidenor- 
ttoos weights have 
been supported bj an 
^tro-magnet when 
wnnected with a vol- 
iUB battery. Sqp- 



p^g a 



in complete 
armonr, he miglit ba 
leld b; an clectro- 
•Ugnet, withoat the 
power of disengaging 
nnuelf, thus reaiiz- 
Bg the fairy story of 
Bw bold knight who 




Sn'ciilA Experiment. 

When a pieoG of soft iroo ia held sofBcientlj near one of the poles 
of a powertul magnet, it becomes bj inditcUoa endowed with magnetic 
poles, and will support another hit of soft iron, snch as a nail, broosht 
in contact with it. When the magnet ia removed, the induetivE action 
ceases, and the soft iron losca its ma^ctic power. This experiment 
affords another esample of the connexion between the phenomena of 
electricity and magnetism. It is in consequence of the inductive actiou 
of the magnetism of the earth that all masses of iron, especioUr 
when they are perpendicular, are fonnd to he endowed with magnetic 
polarity ; hence the reaction of the iron in ships upon the compasses, 
which nave to be corrected and adjusted before a voyage, or else serions 
errors in steering the vessel would occur, and there is no doubt that manv 
shipwrecks are due to this cause. No other metals beside iron, steet 
nicKel, cobalt, and possibly manganese, can receive or retain magnetism 
after contact with a magnet. 

The remarkable effect of magnetism upon all matter, so ahly lavesti- 
sated by Faraday and others, will be explained in another part of this 
book — viz., in the article on Dia-Magnetism. 




Fij. 200. (Ijsiilan mil Ma loaditonc-rpci.— Vide Jalij Talt. 
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peiiinentB &Ircad; described in illustration of some of tlie phe- 

of electro-magnetiam are of snch a simple nature that thej 
oompreheuded witboat difficultj ; but it is not sucb an 603; 
I appreciate the cnrions fact of an invisible power producing 
It has alread; been explained that a copper or otbei' metalUo 
UTejing a conent of electricity becomes for the time endowed 
nagnetic pouter, and if held- 
ir below, or close to, a sua- 

magnetized steel needle, 
it in a Terj marked degree, 
it to move to the right or 
Mfding to the direction of 
trio current ; and in order 

some notion of the con- 
f a metallic wiie whilst the 
tj is pBi3siug tlirougli it, 
eied diagrams may be re- di 
a. (Eigs. 201, 303.) S 

Iflget says : " The magnetic u 
den emanates from the elec- 1* 
inducting wire is entirely 
t in its mode of operation 1 

other forces in nature with 
re are acquainted. It does 

ijl a direction parallel to ^ joa. a round oondn.Un, wir<. m 
the current which is pass- nbi^litbeeliKtTiciilnimDt i>nonlDf Inthe 

E the wire, nor in any plane ^fMiio? of 'I'",'?^-''^ ' "■,°?'' ""' "^ 
anragh that direction. It t^.' "*™^ "" "'^'^ "' ^ '°*«"'^'' 
itty exerted in a plane per- 

lai to the wire, but stiD it has no tendEncy to move the poles of 
piet^ in a right or radial line, either direcfly towards, or directly 
le wire, as in every other case ot attractive or repulsive agenny. 
tuliaritj of its action is that it produces motion in a rarcular 
a all romd the wire— that is, in a direction at right angles to 
ns, or in the direction of the tangent to'a circle described round 
h in a. plane perpendicular to it ; hence the electro-magnetic fores 
. tangential action, or that which Dr. Wollaston called a vertigi- 
whirliag motion. 



Dr. Fandaj condndnl Ihsl there is ua 
between Ibe wire and either pole of a mag 
these effects being of ■ compoutul nature ; 
wire ought to revolve round a magnetic 




real attnctton or Ml 
uel, the action whicli S 
and be also inferred 4 
pole of a bar magne^ 
magnetic pole loaad'l 
if proper means couUEi 
Tised for giving efll 
these tendencies, U| 
iaolating the operatiol 
sbgle pole. Fur il| 
idea of electro-magnd 
tatirni thevrorld is indd 
Dr.WoUaston; bntDs 
daj, vritli bis usual iB« 
vas the first vho earn 
the theory practical^jl 
rotation iif a wire (coig 
a. current of Toltab i 
citj) round one of tH 
of a magnet is well did 
with the simple co^ 



sen3 



I^. 303. >. A m 

momSuiiirin to., 

~^in(+|}Blgof 

« rooDa tba pofa at tbB inigiut wha 



Bj a careful obai 
the complex, action 
electrified wire upon': 
net ic needle. Dr. Fanj 
enabled to aoaJjse ti 
nomeca with his uiia 
tration andeihaustivv 
and be found, as ) 
relates, — 




m tendsuCT to rflvblvo ToaaA thd -wire tD _ _,, 

qoflntJ;, the wire loond (ha polei. Eoijh pale hu the power i 

UhIT, uid not u connected nith the oppogile pole, inU lit appari,a aUrmtH 



FABADAY8 EXPERIHBKTH. 




TI.C Minfl rwil iU 
loKLmUil at Vig. tm, 
in hUo limnnail mtml lii 
« *tlll morn (trlklw 
mtiiner liy ni«ui« «f 
win bent into • 
rfcUnKiilv fimii, imt 
KiarraiiKfilllmtirhlUl 
tlie current i<f fUmtrU 
oil; pmnri, it i« friw 
U) move in i draUi 
Mill «lit>nth«iMilMuf 
a nmKtiDt «iw fmiuieht 
tiiwaril* tlutflUnMRiKl 
wifF, il mnj )ia «(• 
Itnniril iir niiitilliid ui 
nJAUUK, Mul in fMll 



rappmt to the blndln* 7«S* B l-l''taM ''"'If ''f «"'f«ll)' •«•- 



D.j^oihMQYrniJijDr IhorMUnrutarwlHj Itrtt MluIcd^Bt ri|{htM|rlm 

' ■ «» dun, (ri((. Wl*,) 

' j« TlUMB'-^ 



llwnid B, bat Ii UkewlK pdi 
Milafnfd In thv liT^ ct^ i 

— .^??^?^L,. ,? ■wiii,.h,B-Bt««II. tni-Mmtamtcmluut 

\S'i™i^"" wU". "ml rutAiiiiiiii 

~ ,' ^ "f Wif* (Mul HMUpWl*, 

«'iD brua^ ibrfut ^ Uw 
■/' tfUfittej of «) MjElifa 

aurrmit of nlnrlrirfitv. 

Iisfc iaduMd Ktthvm 



Brewster to advance bu Bdmirable i 



of the mariner's compass needle, and all ottier *[u(>cnd«d ufaiM* of 
steel, to be due to the apnry at rl'flrirsl ntrrenh ennljiiiullj Mfim- 
ktitg around the E;Iobe; and Mr. Barlow eoatrifcd llw follvwlaf np»- 



riment in illaatratioa of Brcvitcr'a theory. A woodm kMm, •IxtMHi 

- ~ ihes in diameler, wai made hollow, for the pwipoM of redneW Ua 

ieh-t, and while itiU in the lathe, groore* cnie-«Kbth of jm 'uaM dew 

i broad were cut to represent an equator, and partite)* i>( latttnw 

it CTcry four and a half dq^ee* tscb war from the tuntiat to ih« polca. 

~CKire of double depth was also cut tiu aiDRrtdiao from p»le topola^ 

nW half round. The groorea were cut to reMre tlie copper wird 

[ with sill:, and the lating on «■• eonuneaced In tailing tlia 

of a length al ninclj feet of wire one-ttitcedth of an iodli b 

r, which was appliol to the cifuatonal groove ao aa to mMl in ^ 

M moridiaa; tt was tbea made to pau round this (.araltel, ro- 

ntdtctta akng the meridian to the ont parallel, and then poaMdronnd 
pupi^ and ao o^ tiU the wire was thus led in oontinuatiun from pob 




BoVa PLATSOOa of bciekce. 

to pole. The length of wLrc still remaining at eacli pole waa returned 
from vaeh pole along the meridian groove to the equator, and at this ' 
point, each wire being fastened down with small staples, the wires from ; 
the remaining fire feet were bound together near their common es- 
tremity, wbett they opened to form separate comieiiona for the poles of 
a voltaic bttltcij. When the battery was connected, and magnetic 
needles placed m different positions, they behaved precisely as thej 
would do on the surface of the earth, the induction set up by the eleo 
trifled wire being a perfect imitation of that which esists on the globe. 
The opposite effect to that 



already Qescribed- . , . 
rotation of one pole of t 
magnet round the electri- 
fied wire, was also arnm^ 
by Faraday in the following 
manner, ^ig. 305.) 

lu the ciamination of tk 
magnetic phenomena ob- 
tained from wires trans- \ 
mitting a coirent of elec- 
tricity, it should he borne 
in mmd that any condHoting 
medium which forms part d 
a closed circuit — i.t^ mt 'i 
conduotor, such as charcoal || 
saline fluids, acidulated ] 
water, which form a link I 
• k^^ /^ V "^ 1 1 in llie endless chain re- 

ry " II II quired for the path of the 

J t_ electricity, — will cause a 

i-'^^— ~ ^— I mimetic needle placed near 

it to deviate from its natn- 
ralpositioD. 

These positions oE the 
electrified wire and tht 
magnetic needle are of 
course almoEt unlimited, 
and in order to assist the 
memory with respect to the 
fixed laws that govern these 
relative movement^ Monsieur Ampere has snggested a most useful 
mechanical aid, and he says : — " Let the observer regard himself as the 
conductor, aud suppose a positive electric current to pass from his head 
towards his feet, lu a direction paiaDel to a magnet; then its north 
pule ill front of him will move to his right side, and its south pole to 
tis left 

" The plane in wliich the magnet moves is always parallel to the plane 
ai wbich the observer supposes uimself to be placed. If the pkne of Ms 



FLg. ^>0j. HI. A little nunet acutlniinmi 
GooEaijujil in the fflura a i.\ tne north pcJo is nl 
lA fl<M above liio 9uftace of the qoLcluilTer, bu 
wutli pol* 1> Mtuhed to the wire puilnir thi 
Umwltom--" -^ ■ 
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. the plane ot tha mftgiiet's motion will bo lioriioutul, 

rather side of the homonlollj-susiicadcd niagiiet, hit 

is it, the pkne of hia chest will bo vurtioul, and tho 

tend to move in a vertical plaiK-." 

laeid comparison will bo seen to npply jicrfuoUy to tbo 

the rotations in Fi^. 20^ aud 305. 

whole of this apparatus is 

the most eleguit and 

lanner b; Messrs. £lliott, 

Strand ; and by a modi- 

ot the bttec arrangement 

_ )6), the opposite rotations 

opposite poles of the mng- 

' the electrified wire, are 

the most ingtmctive 

The apparatus (Fig. 

lOG) was devised by the kte Mr. 
TtBncia Watkins, ftiid consists of 
1*0 flat bar magnets donbly bent 
in Qix middle, and having ^atc 
" B filed at the under part of 
_ . bend (by which they aie sup- 
pGrted] upon upright pointed 
iriim, the latter being fixed 
'ipright on the wooden oaae of 
me appuatns, !ind the magnets 
tan round them as upon an axis. 
Two circular boxwood cisterns, 
to oontain quicksilver, are Eup- 
ported upon the stage or shelf 

mboye the base. A bent pointed vrire ia directed into the eup of each 
magnet, the ends of which dip into the mercury contained in the box- 
Wiod circular troughs on the stage. By using a battery to eachmaj^iet, 
Wid taking care that the currents of electricity flow precisely alike, they 
ilrill then rotate in opposite directions. 

Directly Sfter the ingenious experiments of Faraday became known, a 
fpeat number of electro- magnetic engine modela were constructed, and 
lany thonght tliat the time was fast appraaching when steam would 
s snperseaed bj electricity; and really, to see the pretty electro- 
gnetic models work with sue!) amazing rapidity, it migot be supposed 
^^_ttiftheywere constructed on a larger scale, a great amountof hard work 
itDaldbeoDtained from them. This idea, however, has been proved to be a 
'fcUaey, for reasons lliat will be presently explained. The figure on p. 216 
<liiplays two of these engines, one of wiiich represents the rotation 
«f electro-magDets witljin faar/xed lieel magmli, and the otter the 
lotation of steel magnets by the ^xed eleelra-wagiieti. Tho latter 
fHo. 9) moves with such ereat velocity, that unless the strength of the 
Wltety » carefollyadjaste^ the connexions are soon destroyed, (fig. 207.) 




u'od UiBwK,' 
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Tee eogiiieeriug and philosopliical details of this iroportuit ioatniment 
have grown to auch foroiidablo dimensions, that any attempt (short of 
devotiug the whole of these pages to the subject! to give a full account 
of the history and applicatiou of the inatrumeat, tne failures aud successes 
of novel iavcntions, and the continued ontracd progress of this mode 
of communicatian, must be ref^rded as simply impossible, and there- 
fore a Yerj brief accoimt of the principle only will be attempted in these 
pages. 

ror the complete history of the discovery and introduction of tiie 
principle of the Klectrie Telegraph the reader is referred to the Society 
of Arts Journal (Nos. 343-Q, vol. viii.), where it is stated that it is Aat/ 
a eenlaty, dating from August, 1859, since the first galvanic telegraph 
was maide, " ft was the Eussian Baron Scliilliag's electro-maenetic 
telegraph which, without its being known to be his, was brought to 
London, ajid caused the establishment of the first praoticallT useful 
telegraph lines, not only in Great Britain, hut in the worid." Dr. 
Harne! aays ; " The small sprout nursed on the Neva, which had been 
exhibited on the Bhine, and thence brought to the Thames, grew up 
here to a mighty tree, the fruit-laden branches of which, along with 
those from trees grown up since, citend more and more over the lands 
and seas of the Eastern hemisphere, wMlat kindred trees planted in tlie 
Western hemisphere have covered that part; of the world with tlieir 
lininchcs, some of which will, ere long, ho interwoven with those in our 
hemisphere." 

The firet telegraph line in England was constructed by Mr. Cooke 
from Paddington along the Great Western Bailroad to West Drayton 
in 1838-39 ; and it must be remembered that it was in February, 1837, 
that Mr. Cooke first consulted Professor Charles Wheatatone, having 
previously visited Dr, Taraday and Dr. Hoget, and on the 19^ 
November, 1S37> a partnership contract was concluded between Messra. 
Cooke and Wheatstone. 

To tjie distinguished philosopher. Professor Wbeatstone, the merit of 
the ingenious construction of the vertical-needle telen^ph is dae; 
whilst Mr. Cooke's name will always be associated with the practical 
establishment of the first telegraph lines in England. The first line in 
the trnited States, from Washington to Baltimore, was completed in 
IBM, being arranged and worked by Professor Morse. 

In British ItnUa, in April and May, 1839, the firat long line of 
telegraph, twenty-one miles in length, and embracmg 7000 feet of 
river surface, was constructed by Dr. (nowSir William) O'Shaughneasy, 
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The eonatracttou of the electric telegraph maj be conaidercd under 
three heeds: 

1st. The Batteij, the aotive pcmer. 

2ad. The Wires, th^ cafiieri 0/ the force. 

3rd. Tke Instraments to be worked— Ws bell and the needle telegrupk. 



The constniction and rationale of the Imtteriea generallj in nse have 

been explained in anotbei pitrt of this work ; those used (or telegraphic 

' {miposea consist of one or more coaples, of which zinc is one, thesecoud 

bang' copper, silver, platinum, or carbon. Each couple is termed au 

ilemeni, and a series of such coaples a battery. 

The batteries emplojed ehieflj on. the English lines consist of a plate 
of cast-einc four inches square and -^ths of an inch thick, attached bj a 
copper strap one inch broad to a thin copper plate four inches square. 
The xino is well amalgamated with mercury. Twelre of these counles 
are arranged in a trough of wood, porceladn, or eutta-percha, divided bj 
putitions into twelve water-tight cells, \\ inch wide. The tine and 
copper preserve the same order and direction throughout, and when 
airangeo, tlie trough is filled nith the finest white sand, and then 
moistened with water previouElT mixed with five per cent, by measure of 
pure sulphuric acid. This mode of applying the acid is the clever prac- 
^cal improvemCDt of Mr. Cooke, and prevents anv inconvenience from 
the smiling of the acid, and at the some time reuaers the buttery quite 
portable. The voltaic arrangement thus prepared is found to remain 
m action for several weeks, or even months, with the occasional addition 
of small quantities of acid, and answers well for working needle tele- 
graphs in fine and dry weather. Iii fogs and raius, at distances ex- 
ceeding 300 miles at most, their action is not so perfect, and a vast 
Domber of couples must he employed, 14* to 2S8 being frequently in 
use. In Emncc, Prussia, and America, sand batteries do not appear to 
answer, and Daniell's arraogeinent is preferred. Sixty oouplea si^ce ia 
France for some of the bng lines—viz., from Paris to Bordeaux, 2S4 
miles; Paris to .Brussels, 231^ miles; and in fact, the advantages of 
the E^ell's battery have become so apparent, that they are now bein^ 
aged on Enghsh hues. In Prussia, Bunsen's carbon battery is much 
used; in IncQa, a modification of Grove's battery is preferred, the zinc 
being acted upon by a solution of common salt in water. Two of these 
elemenU were found sufflcient to work a line of forty miles totally nn- 
insulated, and including the sub-aqueous crossing of the Hooghly River, 
6200 feet wide. 

The coutbual energy of the battery, whatever may be its constmc- 
Uoo, depends on the circulation of the electricity, toe object being to 

. it^ /,_ r_ . 4l._ ..^-:i: 3 ^t .L^ —f^^ t\ -L il,„ _^_« 



Mss the force from the positive end of the series through the wires. 



. .. again to the negative extremity of the voltaic series. 

The wire [Uie carrier of the force) must be continuous throughout, 

' of course, water or earth forms a part of the endless oonductiog 
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boy's piatbook or scie«s. 
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TlieM roids for the electridt; msj be of anj coDTenietLt metal, and 
the oue preferred and nsed is iron, which is well calcalated fn>m its 
great tenadtj (being the most tenacioiis metal known) and cheapqcss 
to conre; the electridtj, al- 
though it is not such a good 
conductor as copper, and 
offers aboat six times more 
rcsbtance to the flow of the 
current thanthe latter metal 
The wire docs not appear to 
be made of iron, oecanae 
it is galvanized or passed 
through melted rinc, which' 
coats the surface anddefends 
it from destructire rust, 
at the same time does not 
destroj its valuable propertj 
of tenacity or power of re- 
sisting a strain. About one 
ton tJ wire b required for 
every five miles, and to sup- 
port this weight, stout posts 
of fir or krch arc erected 
about flftj jards apart, end 
from ten to twentj-five feet 
high. At ev err quarter 
nfle, on manjiines, are 
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^^i^j^^l straining- posts with 

-^= ^~-—^^ \ ratchet wheel winders, 

r ffl for tightening the 

/ \ wires. On some of the 

ifflir' lines the wires are at- 

Kr; tached to the posts bj 

^~' side brackets carrying 

the insulators iuventea 

by Mr. C. V. Walker, 

which are composed 

of brown salt-dated 

stoneware of the^tHir- 

' iss shape, as shown 

in the drawing. (Fig. 

203.) 

There are some ob- 
jections to the hour- 
glass insulators, and 
they have been modi* 
lied by Mr. Edwin 




ClaA, »ho emfloTS a venr strong stone-ware hook open »t tl 
u that tbe wire can be placed on the hook without threading, and the 
books can be replaced in case of breaking, withont cutting the te]c- 
mpb wire, winch Is seonrel; futened to each inauktor % toms of 
Uumier wire. Ad inverted cap of line is used to keep the insulator 
in. (Fig. 209.) 
I In India the conducti)r is rather r. rod than a wire, and weighs about 
InlTa ton per mile; it Li erected in the most sabstantial manner, and 
nuj miles of the rod are sapported on gramte columns, other poitious 
in posta of the iron-wood of Arracon, or of teak. 

Tlie number of wires required bj the electric telegraph ofUm puzzles 
the railway traveller, and people ask wh; so man; wires arc ased on 
wine lines and so few on others F The answer is very simple : thej are 
in oonvenience. Two wires only are required for tbe double needle 
telegraph, and one for the single needle instrument. But as so man; 
iuBtniments are required at the terminal stations, an increased number 
of wires, like rails for locomotives, must be provided; thus, on the 
IWern Counties, seven wires are visible, and are thus employed. The 
Itro upper wires pass direct from London to Norwich; the next pair 
connect London, Brosbonrne, Cambridge, Brandon, Chesterfield, Ely; 
the third pair all Che small stations between London and Brandon; and 
the seventh wire is entirely devoted to the belL 

If the earth was not a eonduclJDr of electricity, and employed in the 
telegraphic circuit, four vrires would be required for the double needle 
tel^raph, and two (or the single instrument. To imderstand this, let 
HI suppose a battery circuit citcnding from Faddington to the ioatni- 
ment at Slough, nnif the wire returning from Slough to Faddington, it 
ia evident that one wire would take the electricity to SIoiikIi, and tbe 
other tetom it to London, as in the diagram below. (Fig. ^LO.) 





If tbe whole of the retnm wire is cut away except a few feet at each 
end, which are connected by plates of copper with the damp eartli, the 



I 



L tel^raph instrument, (Fig. 2110 These plates are called '^ Earth 
\ Plata ;" and Steinheil, in 1837, was the first who proved that the earth 
I Blight perform the function of a wire. 
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It must be obTions that & message may be receiyed at any al 
without a battery, but in order to bo able to return an Hnswer, every 
station nmst liate its own battery. , 

Incenioualv-constructcd light niug-conductora are attached to the posts 
which carry tlie wires, so that in case of a storm, the natural electricity 
is conveyea to the earth, whilst the Toltaio electricity artiBcially pro. 
duced puisnes its own course without deviation. Fiotectors ore also 
required for the instraments at the stations, and the plan devised hj 
Mr. Highton is thus described by the inventor ; — 

" A portion of the wire circuit — say for sii or eight inches — is enve- 
loped in blotting-paper or silk, sjid a mass of metallic filings, in con- 
nexion with the eami, a made to surround it. This amtngetrient is 
S laced on each side of the telegraph instrument at a station. When a 
ash of lightning happens to be intercepted by the wires of the tele- 
graph, the myriads of inSuitesinially fine points of metal in the filiugs 
aurrottoding the wire at the station, on having conneiion M-ith t£e 
earth, at once draw off nearly the whole pharge of lightning, and canj 
it safely to the earth." 



THE INSTBUJtl 



D THE TELEGIUFH. 



The bell or alarum resembles in conatniotion that of an ordinaty 
clock, and is in fact a piece of clockwork wound un and ready to ring 
a belt vfhen the delait or preventive is removed. The detent is con- 
nected with a piece of soft iron placed before an electro-magnet, and 
directly the current passes, the electro-ma^et attracts the sol? piece of 
iron attached to a perpendicular lever which the bell-crank lever rests 
npon ; the detent is removed, and the bell rings, and again stops when 
the current of electricity ceases to pass. 

One of the most simple alarum clocks is a common American clock, 
wound up daily. A small electro -magnet surrounded with thick wire 
is placed below a moveable piece of tinned iron, so that when this is 
attracted, the tly of the clock is released, and its beU tolls unceasii^ty 



»Lile tbo magnet is eieited. Tliis 

' - emplojed bj Sir \V. 

in. the Indian tdc- 



t mil readily be comprehended 
Iromtliis desctiption tLut thealarom 
is sousded by ardinarj mecbanism, 
md that tbe dntj of the current of 
&e electricity is Gimpl; comprised in 
the act o( removing the IcTer and 
liberating maehincrj, which may be 
large or amall; and if it were 
lliODgbt necessary, tbe bcUs of tbe 

nt clock-tower of the Houses of 
iament, which chime tbe qnar- 
teis, or even "Big Ben." himself 
(tIeq his constitution ia restored), 
could be rung by a person at York 
01 Edinbnrgb, supposing wires, bat- 
teries, and a powerful electro- 
tmgnet with a detent mechanism 
for tbe bells, were jiroperiyaRanged 
Bod connected with the clock- 
In certain cases, Mir. Charles T. 

Walker states that a single and dis- iitwnut iha detmt. 
tinct wire is ased for the bell only, 

«itb hia special mecbaniam, called the rinffing tey. IE the bell was al- 
Taji on the same wire as the needle-coil, the beU would not only call the 
»ttention of, but seriously annoy the clerk {unless, of course, he hap- 
pened to he a very deaf person) bj its ringing whilst be was readmg 
■■^ signals of the needle. The nuisauce ia prevented by what is termed 
fnning over or making the >horl circuit — m fact, by providing for the 
current a shorter and much more oipacious road to the needle coil than 
throngli that of the bell-magnet, mhioh is made with very 
; and the control of tbe short circuit is put in the hands 




COOKK AKO 



B 'lELI GRAPE. 



He principle of this instrument, as already explained, ia inTolved in 
'tlie elementtiy experiment of Oersted — viz., tbe deflection of a mag- 
^Bctic needle from the inside of a coil of wire conveyiog a 
coitent of electricity, itnd as it is difficult to give a good de- 
■cription and drawing of the interior of the inatruraent that can 
.leaUj be understood, it may be sufficient to state that the bandies 
.give the operator the power of reversiu" the current of electricity, 
,Bci that the needles are deflected with the utmost certainty to 



I^Votn of hjJii.E.'V. Wal ^ »■) nfi»r - », ni hnM»i ■ 

■■(ed witk tbe woriiiig of tel^apiH. H r iili tf i - 

>!■ ■ aad or irotj franie, ft nagaeiic Betdfe «nlii > iifflit ■ 
<rplttd aotiss it; two stopE of thin ^iDet ^dtu Jimit Uh 
intlieuidci; a snpportiuc boaid ^la iMoW ^nwrc, aad * 
m IE a ftame of wood, or u uuBiBaii kIm* tm 
oi, to pccvect the mdtsi tnbK smvttl % v 
J tbat die offioe bojrs, witli 1^ ^nriM« 
itfa; make up tUwe tclc^^d» i 




.„ coiusE tber mnU te avm gi |) MM«w; lot Ifce 

otf uul perfBCtioB of tine BH^naMtt wv m< mmlii 1t> kt mat' 
i that irc ^re tiie detaUs tara»\tu^ aS tbmt kof* Mb «!|fet 
} estahiisli ■ tGl^rspb on * natH wtmk lot aoHiMMMl. 



is a piece oT mahogmij eigiit lat^ 

ioiioweroore cotiii it* neabxlmo - - - 

Je, ud B goarter t£ so iucL ilflq> . s kdv «f iiit: <•■«■! wmi 
1 wide iLndWf an incL deeji ■urrouul* ililifcMBE, iaw- i iy^ ite 
ir&ce seven iuoliei ■qium ; tlue *> 
.e motioiu of tiit *tifl*-T mort " " " "~ 
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This is one inch long, one-twelfth of an inch wide, of the thinnest ' 
steel, and fitted with a little brasa cap turned to a true cone to receive 
the point on which it ia balanced. These needles are of hard tempered 
steel, and are magnetized hy a single contact with the poles of an 
electro-magnet or other ordinary powerful magnet, 

Tho magnet is now to be balaiiced on a steel point one-eighth of an 
inch high ; these are nipped off with cutting pliers from common sewing 
needles, and soldered into a slip of tbin copper tbree inches long, hoU 
aa inch wide. (Fig. 216.) 



«M 



As the north end of the needle will be found to dip, it is adtiaable to 

counteract this by touching the south end with a little shell-kc varnish, 

which dries rapidly, and soon restores the needle to a perfect equilibrium. 

The needle is completed for use by fixing to it an indes of paper {cut 

Troui glared letter paper) two inches long, tapering from one-eighth of 

an inch to a point, and 

fastened at right angles 

on to the needle with 

lac varnish, so as to 

be truly balanced, and 

pointing the sharp end 

to the east, when the 

— — ' needle placed on the 

point settles due north 
and south, its north 
pole being opposite the 
observer's right ha""* " 
the observer facing w 

Ilia BwdlowlUi tho paper Index. (^S- ^l?-) 




s reveniaff iastraweid, ti . 

: or more elemenU, m Hut hj Oe enfJovDed of tin 
T the needle is caased to more ligU o " " " ~ 
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« P^P^ index on tlie black groond can be followed with the grcsl 
I Miliintj. and Sir W. O'SHaa^aatssx sUIes thiU with this instnuDei 
tdenapb clerk ma; nad at at rate of twen 
donue needle wice^ being equal to (ort; war 

THR SXVXBSKR 

eoBtista of a block of wood, two inciies and a half square, in wl 
fcnr boUowi, half an inch dup, are cat, and these hollows are joi 
di^niall; bj copper wires let into the substance of the wood, and ir 
Gurfnl^ insolatiM from each other bj melted cement, but expos 
k (JcMi metallic surface in each cell, which is filled i~''' 
(Hg.!l») 




« elaborate revcrser is emplojcd.bot to demonslr 
inepnnciple the simple block above describea is quite aufficient. 

With the tel^TBpb placed at the top of a house, or iu a dist 
cottage, and a smgle ccU of Grove's batteiy, or at most two, for i 
short distances, wiih the reverscr, messages may be passed with gr 
nipiditT from the bottom of the bouse to the top, or ftom a mansion 
ihe lodge, it being understood that a batterj, reverser, and te!egni| 
are required at both places where messages are received aud aniaere 
but if no answers are required, the batterj and icrerser are placed 
one end of the wire in the house, and the telegraph at the other i 
tremitj in the cottage, and earth plates ma; be arranged to return t 
current, or another wire used for that pur]iose. 

"VThilat lauding to the utmost the invention of the electric telepia] 
we must rememfier "there is nothinff new under the sun," and tl 
after all Nature claims the principle of telegraphing, and with the sili 
gesture, the speaking eje, interpreted and answered by others, she p 
claims herself tu be the originator of coDuaunication by signs. W^ 
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CHAPTER XVm. 

bdhkkorpf's, heajujer's, asb bbkti£I'& coil appabatcs. 

Ik the conrse of the popniar articles on fiictional and voltaic electricitj, 
it baa alread; bcca mentioned that vhilst the iiileMity ejects — sucb as 
the cspabilitj af the spoil: to pass throucli a certain thickness of nir, 
01 the production of the pecidiar phjsio&gicol effect of the shock — 
belong especiilly to the phenomena of frietional electricitTj they are 
not apparent with the qaanliiv effecis, snoh as may be produced by nn 
ordimuy voltaic batter;, unless the latter consists of an immense 
number of elements, such as the famous water battery of the late 
respected Mr. Crosae, which consisted of two thousand five liundred 
ptnv of copper and zinc cylinders, well iasnlatcd on ^Isss stands, and 
protected from dust and lignt. If, however, the feeble intensity current 
of voltaic electricity, from four or five elements, is permitted to pass into 
B ooil of a peculiar construction, fitted with a condenser, and manu- 
factured eitherbyKuhmkorlTof Paris, or Mr. Hearder of Plymouth, thin 
the most remarkable effects are prodnciblc, which have created onite a 
new and distinct scries of phenomena, and further established in the 
most satisfactory manner the connexion between the electricities draived 
tnniJHclio/t and cftemieal action. 

The construction of these coils does not differ very materially, and 
great merit is due to Messrs. Ruhmkorff, Hcarder, and Bentley, who 
nave separately and independently worked out the construction of the 
moat formidable machines of this class. In a letter to the author 
Mr. Bentley says ; — 

" 1 commence the formation of my ceil by naing as an axis an iron 
tube ten inches long and half an inch diameter; around this is placed a 
considerable number of insulated iron wires the same length as the tube, 
and Buffioiently numerona to form a bundle one inch and three quarters 
diameter. This core is wrapped carefully in eight or nine layers of 
WMcd silk, the necesaity of which will be obvious presently. 

" My primary helij, which is formed of thirty yards of No. 14 cotton- 
mnrod copper wire, is wound carefully on thia core, and consista of 
t«« l«yers, each la^er being carefully insulated one from the other by 
<Milt>l silk, for I find that if a wet string or fine platinum wire be eon 
4 with the two ends of the primary wires of an induction coil in. 
h Unn ia scarcely an indication of an induced current to be 
Vm the secondary wire. That this ia not owing to any 
J nagnetio power is proved by testing the iron core before 
"11 «iperiment, hut is simply owing to the central magnet o-- 
ft tte *hoIe of its inductive powers upon the nearest closf 
~~*bBi follows that if the two layers of primary wire ft 
t flotton covering becommg moist, the whole of t' 
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iaif eoH is quite independeot of the primarf one, vbich b bid on ia 
different iengtba, so that the coil can be adjusted to an; batter; power, 
whether tor qoantiiyor intensity. 

For the successful exhibition of the capabilities of the machine, it is 
required to perform the eiperiments in a oaiiened room. {I'ig. 231.) 




milted wire. TiM (Uadil mUu 

In Qsing this apparatus, eight pairs of Grove's batter; will be quite 
sufficient to produce the effects, and the greatest care must be taken to 
avoid the shock, which is most severe and painful, and might do a great 
deal of ham to a weakly, 
sensitive, and ucrvoua 
person. To avoid any 
accidents of this kiinf, 
the convenient arrange- 
ment at one end shown 
in Tig. 232 must be 
carefoll; attended to, 
and when manipulating 
with an; part of the 
apparatus, if the hat- 
ter; is attached, the 
contact should first be 
broken b; bringing the 
ivor; (the non-conduct- 
ing) part of the cy- 
linder A (Kg. 222) m 
communication with the 
from the battery arc attached. 




conductors, b b, where the w 



First Experiment. 

is at the other extremity of the coQ that the esperimenta arc per- 
formed; for instance, if an exhausted globe is connected with line 
pillars B B (Fig. 223), and the connexion made wit!i the battery, a 
beautifiil faint Wue light is apparent on one of the knohs and wires, and 
b; reversing the corrent the hght appears on the other luiob aud wire. 




TU« (Sect is gumxaedte MM^de MMft 
(^ thoK imgnilinmt alnksaad anda- 

&ain iJie bot, md MnwcdoBto ttesf^ 
pnmp plate, and a fit& "Ijintml^ 

nuib'f Ai, or toTpcntiae obcad a 
. ;. L^ij ;.. ii._ .i 




Flg.m. Eaaot 



Seeond ErperimeMl. 

The appeannce of these bandi dT ligbl is modiCfd br tic wtoe eC 
the glass tnbes emplajtd, ajod tbe tatnect La> been cucfuif iiimtigatad 
b? Hr. Ooasiolt. At the bet nedug of tlie fititiil JMoaMimm A 
Aberdeen, Dr. Bobinson made VBciou* ezpcriaieati, uaatfii by Hr. 
Ladd, for the purpose of ihnwiiiK tlie eotauxint be tww new nHua> 
tuie effects of bands of ligbt in i3oe» oantaimi^ Tvkwa gtin», tud tba 
pbenometm of the Aaron Boreilb. Ilie title of tlie dwoouree, irliicb 
vu speciaJW delivered in the Music Hall bj Ilie ksmed Doctor, 
was " Oa Electrical Discbarges in Highlj-rareficd Media," aud it 
wu illostiated bj expeiiiiienla prepared 07 Mr. Gaasiott and Mr. 
Ladd. 

Hie kind of tubes employed ma; be nodentood from tbe neit figore. 
Thej aiB made ia Germanj, sod bj ipproodmig a powerful nugnet to 




tbe outside of hi 
theelasa tubeaw! 
the Bands of light . 
being produced, L 
most remarkable ■ 
di Gcations of theaj 
obtained. Mr. 
has mounted c 
these tubes iai 
tory lUTangeme 
milar to that . 
acribed at page li 
When couneotediH 
the coil and battf 
it furnishes oi 
most lovelj " elee. 
trie fire-wbeels" that 
can possibij be de- 
scribed. ' (Fie. 2-2i.) 
Mr. Grove placed & 

Siece of carefuUy- 
ried phosphorus in 
a little metallic cup, 
and covered it with a 
at kinda of jar haTing a cap and 
" ° * 'e. Oq removing 
,, :tat from the re- 

dacttoff Wirt to D or n, the ll^t which Mhnlvisx pataei ™"^' ™^ passing 
thnmgt ihe nlioiB of tho tutes rtops nt the«> poinU. tlie corrent of elec- 

tricitj through it 
from the Ruhmkorif coil, he obtained a light completely stratiflea, and 
blended transverGel; with straight but vibrating diu'k bands. 



Tiird Experiment. 




little globule of liquid iron, and if paper 
rapidlj takes fire. (Fig. 333.) 



When two Tciy thin iron 
wires are arranged in tho 
upright pillars (Fig. 223). 
and held sufficiently olose to 
each other, as in Fig. 325, 
light passes from one to the 
ouier. The wire from which 
the light passes remans 
eotd, the other becomes bo 
hoi that it melts into a 
is held between the wires it 
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SixlA Experiment. 
Wbea the Levdcn jar ia coated with spangles of tinfoil, a 
appears at escb break, and the whole jar is lit up with huadrei_^ 
brUliant sparks each time it is chared and dischar^d, and as I 
occurs with amazing rapidity, the light is almOEt cODtmnous. [Na 
Fig. 823.) The lairer the Levden Jar, the shorter the spark, aad M 
vend. Bj the CDiprojmeDt of a nicclj-made screw and mch-scale, ^ 
distance between the discharging points connected with a IiejdeB. 
can be accurately determined ; and Mr. Hearder states that suppo: ' 
Lejden jar bos one square foot of charging surface, it will give a 
of one inch m length, out if a smaller jar is used, with only naif a 




Via. na.— Ho. 1. Bpuigled Li'jdfn Jir. Ho.3. HeBrdn*! niparatiu tot nuu 
a*tMi|«hoC>pail[Ii}rLii}dn>jiu'iindDoil. r p. Glut pUlut. £0. 3. Two but br 
TT^ltf'" ^ puui 011 a Lcjilea jar. 

fool of ohar^nr surface, the Epark would be about one inch and * 
quarter iu length. (Fig. 228.) 

Seventi Erpenmenl. 

The ditection and rapidity of the current appear to influence greitlj 
the IwMiting and Ere-giving power of the coil, acd the following eiMB- 
meut, devised by Mr. Hearder, funushesaeuriousiUuatratiouDf thismi 

When the cutreat passes in the duection of the arrows (?ig. S39)k I 




Vrta dn Bot Udvn fait Ac 










. . T 1 ti ^» I ■ a» if «• 



din thcwJ— gi^MMf ■■■ f««d^*WMiHi 
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Icctrio light seeia to overflov the gofalet all round the edge, i 
taiidft then the very embodimeut of the biifflmiiig cup of Jin 
niblemalicd of the dangers of (he w 




NialA Experiment. 

piece of wood five inches long and half an inch square is placed 
< i_ _r ^L. J L __ J _. _ brought OD to the top edge 



on the table of the discharger, and 




and the other a 
proached to within 
three inches of it, 
and tonching the 
wood, and the 
space between them 
moistened with the 
strongest nitric acid, 
a carious effect is 
risible from the 
creeping along ot 
the fire, which gnidn- 
all; catbonizea and 
bnros the wood. 
CFig. 231.) 




■; Wtei a jieet of pfu riigiag rinr|ipfl i» ^mna iii«ni Ae «^ 
W duoIiaTver, (be ijaA u BOCHed to a aoA faetfB ^^^ , 
taeount of theconducbaRpoweraflfcevifaTttMned ■ tey^B< 
■u paper; and takiuf lUUiiDga iBloeeaBdentiaH,lfeagtftK^M^^ 
IS wilnessed the gnndest efects froai Ik cod 
ted bj Mf . Hearder, tbc ' ' - ' ' • 
of England. 

Tiirit 
Electro-magnetic coil niachiues have been emplored for s tot oon- 
ideiable lime in alleviating certain of " the iUa whicb Seah ia ben to," 
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by the administrfltion ot shocks. These maj be so regukted aa to he 
hardlj perceptible, or maj be so powerful that the paia becomes ahso- 
latcly intolerable. 

These coils are now made self-acting, and consist of two coils of 
oovered and insulated wire wound round a bundle of soft>irOD wires, 
with the necBBsarj connecting acrewa for the voltaic battery. The con- 
tact with the battery is made and broken with great rapidity by a simple 
form of break, consisting of a tinned disc of iron beld By a spring over 
the asis of the bundle of iron wires ; and the continual noise of the 
break, whicli is alternately attracted down to the bundle and brought 
back by the spring, when the coil is in contact with the battery, demon- 
strates (without the pain of taking the shook) when the instrument is in 
full working order. 

The coil macliine is not only nseful in a medical point of view, but 
when properly arranged offers a good reception to a run-away bell- 
ringer, and is an excellent prcveutiTC against illicit attempts at cheap 
rides by small boys. 




CHAPTER XLS. 



MAGSEIO-ELEC: 




■Rre correlatioii of the phjBicjJ forces, heat, light, electricity, magnetism, 
ud motion, b one of tne most interesting subjects for stud; that can 
lie si^igcated to the lover of science. The examination of the precise 

ng of the term correlation, so ably considered by Professor Grore, 

tea a necessary matoal or reciprocal dependence of one force on 
the other. Thus, electricity vill produce heat, and nice cernf; motion, 
nch as flriction, prodaccs electricity, and the luttei', by its attraction 
lad repolNOn, establishes itself as a source of motion. Electricity pro- 
light, also mi^etisii), and contrariwise light is said to possess 



Um power of mttgnetiEmg steel, whilst magcetism again produces light 
and eleotheil?. Such are the intimate caiuieiioiis tJiat exist between 
thfur impoiuiBrable ageuts, and vre ma; trace eausc and effect and its 
rtscmI Mnungst these forces, nntil the mind is lost in the exaiziinatian 
of liw bewihledng mates, aod is content to return to the beaten track 
aiut vork oat experiniientall; the practical truths. We have had occa- 
Hon. lo notice in another part of this plajbook the fact that a current 
of dee&ocitj cauaea the erolation of magnetism in its passage tbroueh 
naum oamuicting medi^ and the tmth has been speciallj illustrated bj 
ths iwiaus eapenments a tbe chapter devoted to electro-magnetism. 
ll^ goiDineaemg this portion of electrical science, we have no neir terms 
to Mu foe tu title of tbe discourse, as wc mere!; reverse tbe other 
wkiK «• T"™" the aature and peculiarities of 

JtiGSITO-BlECTEiClTI. 
Ito sonira of thie poirer must Qcccssaril; be a bar or horseshoe- 
afei^ed piew oi steel permanent!; endowed with magnetism. IT the 
faner q Ibrast into & cylinder of wood or pasteboard, around which 
•oife ot oovered capper wire have heen caremllj wound, so that tho 
utKOiitiea conuuuaicate with a galvanometer, an immediate defiectinn 
of the needle occurs, which, however, (]uickly returns to its first posi- 
tion but is again detiected in tbe opposite direction on the withdrawal 
^ tbe sted EoagDet from the coil ot copper wire. (Fig. 335.) 




wU, wbuD tho gKlvaoometoT otiedle, d, Ii defleeted. 

Hm moid outraoiw and eiit of the steel magnet in the helii of copper 
will! rt^iLild Ui luaiillitLout to produce any quontitj of electricity, and 
till 'i ' i- been taicd to arrange a method by idiich a 

ni.j- uiiiued and destroyed maide a coil of'^insnlated 

tt'i iiv, however, has been surmounted by several 

iu;;-!! , ii»i'd DQ the priociplcs first discovered by 

fttfadiLy; .11"! "IV 'I"- ('»[H>oinlly to be noticed is tbe revolution of a 
coil oi o^pw wire (;UL'ii»iii8 a piece of soft iron, called tbe ariaalvre, 
befon) thu txilw <it > puwvrM uiagoet. The first machine was invented 




OMmwj i iii j i w iiii IT r rf fc 11 1 M ji B r i ■ 



OBpoks tf Ik: lagMte J, aotiB* hcMg ^MOHHlBi «» Jttr*E 
Hottuilniig wbed, K. nnamCHB v aArtv^k«na«ib «iHB 

tmenixmesit of nA od taw arilnl to dR far % ins ^i* 
I a InasB start, il» MUaefa^ 1^ wmaj^^K tatdtf^mtw^ 

s made bat is asf MMtn I9 a aHUMAwaHV i» » Ubv 
Ints qrliuder to wUck tbe ado- ta^MO^ «•■* adt rit ■« 
■oUered, these boag ianjattd V * pne rf lari >H< ^5(4 1» fc 
bwitem. o is ailinnvireifnrpKPMripHM MM^rf tf Ae 
kdknr bass trrimdcr; r k a a^paaalMaa ^k; nm» aMd ipw 
thd raha genUj tn tba imi fMR ■ : X ■ a oiffwaK fa- ^MMte 
the bnes pieces «ilktfa*«nri i. hlwua An^ aal caB rf«liAr 
idopass; s » »c tvo hHdcs c< kas mA artfic aoK^ Ac ai 
' one bemg inserted iA> cilfe^ rf Ac fa^fMoaaMncH^aWr 
iilo,ai)d tbe otberinlolfabnHil^&ri^BMAcbafc^UbMB 
most severe shod diieetl; Ae «fa(l iiirt ia aHtiaa. 
InSutoD'selectrtNnagidieaidfa^ABaaaaaaBtalnla^^rtiMi 
placed horizontaUj inaU^ t£ fno^ididr. ^ ■* ea^ami if K 
~ lorehorseshoe^buedfMCciMMd. IfeanaiMa^avJidHti^ 
^Icctro-magDets (fw tk^eaaart af peeea if MltaHadiaa 
; wound roimd titm), ae t«« ■ aaifa^ mi av ' — 
Btubit either quantify or wfra«fl^ 1 fti ii Tfa f^afitf 
omstracted of stout ina, lad e uwwii «id ^ ■ ■ - ■ -- 
intensity annatare ' ' - - ■ 




iatcwMfaAe 




The pian/i/y 

Id thoac nhtch are , 

letie spark, indncii^ 



terrible blows to the DenOD* afitea irficfc awe ibaBf mm tlf Ifa 
mildest dcportmeot to becoae fimhiBj cxatoL ati t» aalw (faM 
(jacolatiom which are so pecnliar to the goaa Jifa JtadL 
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Hr^ Etftrimwt. 

The decomposition <£. vale* by the paaage of ctertiMtj fren OH 

pUtiaun plaU to another, has almdj bees ilkitMteJ M fm» IW. Hw 

k3 
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le fut may likewise be displayed bj Iho following urangemeiLt of 
the mwhine. (Fig. £36.) 




Second Exptrimeul. 

The electric light ohtaincd by the passage oE the electricity from the 
batteiy through the charcoal pcinta, is also an effeot tbat can he pio- 
dnced bj magneto-electric macliines, the wires leading from the points 
A B being insulated by gloss handles, and pkced in the holes u v, 
(Tig. 237.) 




light ottOEDCd from 1h« njn^pto nuchlDp. 



EXPEBHIESTS iriTH TBB 1 



Third EajierisiesL 

The scintillation of iron wire 
it one ot the most pleasing eipe- 
liments with this apparatus, Bod 
ii perfonned bj pressing gentlj 

one end of a piece of thin iron 

■wire (attached by means of a 

Wilding-screw to the upright bar a) 

igainst the annature, s. (Fig. 

Fourth Erperiisfnl. 

Tie combustion of ether or 
Otber inQammabk spirit may 
at^ be demonstrated with the 
•id of this powerful appara- 
tus, snd the arrangement, in 
womon with the others employed 
ty Mr. Clarke, ia shown in Fie. 

With the assistance of the juag- 
oelo-cleetrio machine, telegraphic 
commutiication ntay be conducted 
''illiODt (he assistance of a battery. 
It )m also been applied to the art of 
t!«tro-plating by Mr. J. P. Woolricb, 
Df Birmingham; and whilst visiting 
lut place, the author had the oppor- 
hiaitj of witnessing the arrangement 
tfflplojed. 

It consists of a very powerful 
'iigneto.electric machine turned by a 
Vean].eiigine, and connected with the 
*i^ troughs containing the silvering 
*>lutioiL If it is required to deposit 

* thin coating of silver on the article, 

• short neriod suffices for the action ot 
the machiue, whilst a tbiek deposit of ^ tAionea 
Uie precious metal is only obtained by ibg mrfuii 
Jhe constant operation of the magnets "■"■•""■ " 




\ 






bj Ihe dutiic ipuic. 



li qdcUj la- 



fcr several hours. At Mr. iVool- 

*i«h'» factoiT, the goods which were 

beinp eoated with silver were all kept in motion, moving slowly back- 

»MM and forwards in the trough by means of an eccentnc eon- 



nected with the same steam-eugiae that worked the electro-magnetic 
madune. (Fig. 2JA.J 




The nmgnBto-electric telegraph patented by Mr. Henley in 1848, 
offers another eiample of the application of tlie electric cnrrent induced 
in eLectro-DULgnetic coils, when they rotate in close proximity to the 
poles of a powerful steel magnet. This telegraph is now in con. 
stant use by the English and Irish Magnetic Telegraph Company, 
through a cuatance of more than 2100 miles. The whole length 
of wirea in use amonnta to the astonishing quantity of 13,900 mifca, 
of which 6350 miles are bidden underground, and 7500 conducted 

This telegraph is considered to be one of the simplest and most 
economical yet Drought into practical working. 



CHAPTER XS. 



M tie end of liie chapter devoied to tie subject of light, will be fomd 
w ciperiniCDt devised and carried out b; I>r. Fanuia;, is which it is 
akan that if a bar of a peculiar glass (called after the iawenUtr, 
Faraiafi Aeary ffiaa, or silicated borate of lead) ia subjected to the 
mductiTe action of a very powerfol electro-maenet, tliat it hu tbe 
fovtt of ijlinj iinng the direction of a raj of polanzed light transmitted 
■lirongh it. This effect is not confined to the poles of an electro- 
mmet, but is also penseptible (though in a dimmished degree) with 
cramaiT nuunietA, 

"Bie reauK of this important cupeiiment was commiinicated to the 
Ro][alSodety bv Dr. Faradaj on tiie £7th November, ISls, the eonii- 
oiticiii of the fact bj this leomed philosopher being, " that vlteo ' tie 
Jiw of Buaneli/! /brce' is made to pass thronxb oeibia iatttpttatt 
hodia parailel to a raj of poUrized light tntremng the nsie ban, the 
n; of polarized %ht expenences a rotation." Now, "tke liae w mag- 
Mfi'c/or«" raeaca that coQtinnal flow of tile magBctie eantas «tu& 
pauet from pole to pole, anij \^ indicated bj inn filwiw ■annklcd ok 
Ppet placed above the polei of a magnet, and itniBj ten ' 
"''«, DT the curved lines of magnetic force. (Rg, 2iL) 







IIg.ML Tkeamilb 



1^ \taj ^aw alreadr aUaded to, npcn vUdi \Sat HOpK* oob ft 
'"Wn iaflnence, is nS\rA 



ttdbj this term isMMt ft hoJy tbw«|jh wlwdb fc IJMi rf iMi*lt» 
«ne tte pttstiDg witlwiit ifnlkt '* I^ ■■"■ ** ^"'^ A* M" "^ ^ 
■pisbm KpHMstn; (it Hgt. 201 aad 800 fbft T ' 
'^NbititT Hid thit Mile KWMlie evmt «r «ldrl A , 
4 I^flKn^f^MSbcBMAndHftfiMetf^M^d 




Spennaceti. 

Iceland epar. 

Tartaric acid. 

Citric acid. 

Water. 

Alcohd. 

Ether. 

Sogu. 

Stuoli. 

Gnia-aTHbic. 

Wood. 

Dried nmtton. 
Presh beef. 
Dried beef. 

Nitrogen is neither paramagnetic uor diatnagnetic, and is equivaknt l^*^ 
Magnetically considereii, it is like space itself, which ma^^ 



Leather. 
Fresh blood. 
Dried blood. 
Caoutchouc 
Jet. 
Torpentine. 
Olive oil. 
Hydrogen. 
Carbonic acid. 

Catboaio oxide. ' 

Nitrous oside (modonte^JJ 
Nitric oxide (very alightq^J 
Olefiimt gas- 
Coal gas. 



The term na//tteiic Taraday proposes shonld be a general one^^ 
like that of eleclridty, and include all the phenomena ana effects pro-^ 
duced hy the power, and he proposes that bodies magnetic in the sens^^~ 
of inia should be called farmaagmlie, so that the division would atanc^ 

'""" M^'- {E=g;? 

nnd it is this division which has been observed in the preoedin^^ 
tables. 

All space above and within the limits of our atmosphere may b^S 
regarded as traversed by lines of force, and amongst others are the Itne^^ 
of magnetic force which affect bodies, as shown in the table of para— — 
magnetic and diamagnetia bodies, which have the same relation to eacl^* 
other as positive and negative, or north and south, in electricity an^ 
magnetism. 

The lines of magnetic force are assumed to traverse void apace with— 
oat change ; but when they come in contact with matter of any kinJ- 
thej are either concentrated upon it or scattered according to ihs 
nature of the matter. 

The power which urges bodies to the a^al or equatorial lines is not a 
central force, but a force differing in character in the axial or radial 
directions. If a liquid paramagnetic body were introduced into the field 
of force, it would dilate axiallj, and form a prolate spheroid like a lenaon, 
while a liquid diamagnetic body would dilate equatorially, and form an 
oblate spheroid like an orange. Pliicker has demoDstrated that if mag- 
netio solutions are placed ui watch glasses across the poles of tu 
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gnet, they are heaped op in a very curions manner. The 

tl the electro-magnet are pieces of soft iron, which may be drawn 

■at ^preached at pleasure and according as the poles aie nearer or 

^t aannder the magnetic liqmds, snch as solntion of iron, are 

J __^ Q^ ^Q directions as shown at b and cin^g. 243, 




*1frS«. 



' "The diamapictic power, doubtless," aoya Faraday, " has its appointed 
office, and one which relates to the whole mass of the globe. For 
thooeh the amount of the power appears to be feeble, yet, when it is 
ConMdered that the crust of the earth is composed of substancea of 
"Wiiieh by far the greater portion belongs to the diaraa^etic class, it 
niiiBt not be too hastily assumed that their effect is entirely overruled 
by the action of the magnetic matters, whilst the great mass ot waters 
^ the atmosphere must exert their diamagnetio action uncontrolled." 
Piiielcec has abo announced — what at the time he believed to be true 
--the highly interesting and important fact that the optic asis of Ice- 
land or calcareous spar js repelled by the magnet and placed equa- 
torially — a fact wliioa Pliioker thought true of many other crystals 
"hen the magnetic asis is pamllel to the longer crjatallographic aiis. 
A piece of kyanite, which is a mineral composed of sandi clay, often 
Kine, iron, water, and is nsed in India, being cut and polished as a ^m, 
ind sold frequently as an inferior kind of sapphire, wiU, it is said, even 
under the insnence of the earth's magnetism, arrange itself like a mag- 
netic .needle. 

Flacker believed that he had discovered an existing relation between 
the forms of the ultimate particles of matter and the magnetic forces, 
and he imagined that the results he obtained would lead gradually to 
the determination of crystalline form by the magnet. The ciperiments 
of Tfndttl and Knoblauch lead, however, to a very opposite series of con- 
olasions, and by mgeniously powdering the crvstals with water, and 
m ft ^in g them into a paste, which was afterwards dried and suspended 
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M a model in "tlie magnetic field;" alao by taking a slice of ftpjilo 
about as thick as a pennj-piece, witli some bits of iron wire through it, 
in a direction pcrpendiciiW to its flat surTsce, they were found to set 
cquatoriall; aot by repulsion bnt by tbe attraction of the iron wirea ; or 
instead of the iron by plocin? bismuth wires, the apple now settled 
aiially, not bj attraction but by the repubion of the bismuth. Ipe- 
cacuBu]ialozenges, Carlisle biscuit also, suspended in the magnetic Gdd, 
eihibited a most striking directire action. The materials in these two 
cases were dianaff»elic ; but owing to the pressare exerted in their 
fonuation their largest horizontaJ dimensions set from pole to pole, the 
line of compression being equatorial ; and it is a universal law " l&at iw 
dinmaffHttie hodiei the line along which the dentiiy of the xum hat beelf 
induced by eompreiiioH leli equatorial, and in magnetic bodies axial." 
Hence they assume, from these and many other conclusive exjieriments, 
that crystallized bodies, such as Iceland spar, take their position in ths 
magi^etic fleld without rcfcrcuce to tbe existence of an " optic axis." 

At the conclusion of a brilliant lecture at the Royal iWitiition b^ 
Dr. Tyudal " On the iofluence of material a^^ation upon the 
manifcstBttons of force," in which f lilcker's expenmente respecting ths 
repulsion of the optic """" were f^cefully discussed and his theoig 
refuted, the learned doctor said : "This evening's discourse is in soms 
measure connected with this locality; and thinking thus, I am led tc: 
ini^viire wherein the tme value of a scientific discovery consists P KoW 
in its immediate results alone, but in the prospect which it opens tc 
iotellectoal activity — in the hopes wliich it excites — in the vigon* 
which it awakens. The discovery which led to the results brou^V 
before us to-night was of this character. Thai magnet* was the 
physical birthplace of these results ; and if they possess any value theyi 
ace to be regarded as the returning crumbs of that bread which in IS4£ 
was cast so liberaJly upon the waters. I rejoice, ladies and gentleincn«. 
in llie opportunity here afibrded me of offering my tribute to the 
tfreatett Korkman of the age, and of laying some of the blossoms of thaC 
prolific tree which he planted at the feet of the great discoverer of dla" 
n)Bg!ietism."f 

It was first observed by Father Bancalari, of Genoa, that when the? 
Same of a candle is placed between the poles of a magnet it is strongly 
repelled. The flames of combustible gases from various sources are 
differently affected, both by the nature of the combustible and by the 
nearness of the poles. Taradav repeated Bancalari's experiments, and 
by a certain arrangement of tlic poles of this magQct he obtained a 
powerful effect in tne manaelic feld, and hiving the axial line of the 
magnetic force horizontal, he found that when tlic flame of a wax 
taper was held near the axial line (baton one side or the other), and about 
one-third of the flame rising above the level of the upper surface of the 
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idii^ to a splendid mignrt made t 



id^J^tilnt; 



yia, aa soon as the magoetie fane « 
iLe asial line, moving eqoa - ' " 
SiKQtle wind was caosii ^_ 
Vben the flame was plaoed • 

Ka, the effect of the u 

^ !«. _ 
On raising the flame a litUe msk 

n> to intensifj the results afao^ ■ 

name of a JUh-laUed tiapr, a* ■' 

■ns raised until aboot tvo-(hiidi id . . . 

w, nod the poles approacked var dMb Ae ^ae *• hmmr mm 

bttteen the poles, hot tprad g« i^ m^ ^m e^SaT «> 

Bill line, producing a dooUe ftvevifttap hm Mioa^ « 

'«. 244. 








It was these eiperiments Ihat U la 

I'aramagnelic proper^ of ongn, lad ~ 
Kueoos bodies when heated brcit ma 
^hidi (tried in the air) is i>o«erAil]j BMgBct*^ b. 
*iestcd. A coil of platinum win: hated by 

Vlaced beneath the poles of fvadn'* — 

Upward current of ali ; but direct^ tee 
ueending durent divides, aad a d 
tlie upward cmrcnts. 

The discovery, says Silliman, of tlie la^U^ p 
nxjgen gas, and of the neatnJ character of tntrofieii, tbe t 
Etuuents of air, iajustlv esteemed a factof^eat importance in stodrine 
ihe phenomena of terrestrial magnetism. We thus see that one-fiftli of 
the air b; volume consists of an element of eminent magnetic capacity, 
after tbe manner of iron, and liable to great physical cbmges of densi^, 
lempeniture, &c., and entirely independent of the solid earth. lu this 
iae£um hang the magnetic needles tiBed as tests, and as this mag- 
netic medium is d^y heated and cooled by the sun's rays, its puwer of 
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transniitting the lines of magnetic force is then affected, inJaen(ai^ 
umiouhteilly the diurnal cliaugea of the oiagnetic needle. 

For a complete digest of ¥aiaiB.fs discoveries in diamflgnetism the ■ 
reader is referred to the secocd edition of Dr. Noad'a compreteMve | 
and learned work entitled " A Mnniial of Electricity." I 

Coming always from the highest walks of philosophy to lower sod 
"common tkingi," one cannot help beine reminded oi the old-tuliioaw 
method of draieing up a sluggish hrc, and the natural query is sn^geatf' 
whether the poker is to be considered as a weak magnet, and qijbs i*" 
flueacB and »iraw towards tlie fire a greater supply of magnetic oijg^ 
gas? CFis.3W.) 
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fer in Appropriate ^tpuge, tht jaita dw to Otf flnA ^Mat 
ion of the Alim^ly, «ba tfae SfSt tf God Bocerf ^qb Oe laee 
ewilen and KDd.''Lcill«e be figU." If ht pok ■«!« be 
tied to laud and j^ni^ thti tnucntdv^ gift, jl gbodd bs tlw 
edUilton; wkiiiaTinReBfci^thBynHngofligli,ndvil«tBMd 
uied and beautifBl r*"™'— ■» Art ■mmniMj ^ ooald, wliai 
tdbj blindueas, speu i^tanmdj of il«aeatkB,iBtlM«esaldaBB 
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Jiiii light from dai 
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There cannot be a 
titilit J of light, or a m 

fihenomenn that accompany it. liver since the divine comraaud wait 
ortb, has the sun continued to shine, and to remain, " till time shall bs 
no more," the great source of li^t to the world, to he the means of 
disclosing to the eje of man all Die heautiful and varied hues of the 
Clonic and inorguoic world. Bj the help of light we enjoj the piii- 
niatic colonrs of the rainbow, the lovelj and ever ohanginc and ever 
Taried tints of the forest treea, the flowers, the birds, and the insenls ; 
the different forms of tlie clouds, the lovelv blue skj, the reftEshing 
Kreen fieldsi or even the graceful adornment of "the fair," their beautitd 
aresses of exquisite patterns and colours. Light worka insensibly, wJat 
all seasons, in promoting marvellous chemical changes, and is nowfaiiij 
engaged and used for man's indnstrial purposes, in the pleasing aii a 
photogiaphv ; just as heat, electridtj, and niagnetbm, {all impondersblfl 
and invisible agents,) are eniplojed usefully in other ways. 

The sources from whence ITght is derived are six in number. Tlx 
first is the sun, overwhelming us with its size, and destrajmg life, 
BOmetunea, with his intense heat and light, when the piercing rays are not 
obstructed by the friendly clouds and vapoars, wliich temper anil mitigil* 
their intensity, and prevent the too frequent recurrence oT thatquidnJ 
dire enemy to man, the covp de soldi. 

The boay of the sun is supposed to be s habitable globe like our on 
and the heat and light are possibly thrown out from one of the alnu)- 
spheric strata surroundine it. There are probably three of these stril*, 
the one believed to envelope the body of the sun, and to be direotlj » 
contact with it, is called the cloudy atralum; next to, and above this, is 
the luminous stratum, and this is supposed to be the source of beat nnd 
light ; the third and last envelope is of a transparent gaseous nature. 
These ideas have originated from astronomers wbo nave carefuUj 
watched the sun and discovered the presence of certain black spols 
called Macttl^, which vary in diameter from a few hundreds of miles 1° 
40 or B0,000 miles and upwards. There is also a greyish shade sur- 
rounding the bUck spots called the Fenimira, and likewise other spa's 
of a more luminous ccaracter termed Faeula ; indeed the whole disc ol 
the sun haa a mottled appearance, and is stippled over with minnti 
shady dots. The cause ot this is exphuned by supposing that thesE 
varions spots represent openings or breaks in the atmMpheric strata 
tljough which the black body of the sun is apparent or other portion: 
of the three strata, iust as if a bkck ball was covered with red, thei 
Mith yellow, and finally with blue silk : on cutting througli (he blue th 

C" wisapparcnt; bvsnippingoutpiecesof the blue and yellow, the tei 
mes visible; and bysbcmg away a portion of the three silk covering 
■ ' "a similar principle it i 



t^ black ball at bf^ aaiaes into v 



fposed that the variety of spota and 
■ptioas on the sun's face or disc 
^be cxplaiaed. The evolution of 
it is not, however, conllned to the 
L and It emanates freely from ter- 
■i^ matter by mechanical action, 
her by friction, or in somo caaea by 
fB percussion. Thus the axles 
jtilwBj carriages soon become 
'tot by friction if the oil holes 
i^topped up ; indeed hot axles 
•Herj frequent in railtraj tia- 
En^and when this hajipens, 
JRmg smell of burmng oil 
(marent, and flames 
trf the Bile box. The 
tdei offers a familiar 
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(le of tho production :j,i///- /, 

tght by the attrition of 1 1 III I//// ■ 

I or steel against his 1 1 ll' i / // / 

■grindstone. ., .1 / i ,. . / / 
Die same result 
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under the action, 
viz., the friction 
a soCtiron disc revolv- 
ing with great velocity 
ag^nst a file or other 
convenient piece of har- 
dened steel. (Fig. 247) 
The stand has a disc of soft 
iron fixed Bpon an axis, which 
revolves on two anti-friotioa 
wheels of brass. The disc, by 
means of a belt worked over a 
wheel immediately below it, is 
made to perform 5000 revolu- 
tions per cninnte. If the 
hardest fiie is pressed against 
the edge of the revolvbg disc, 
the velodty of the latter pro- 
duces snflioient beat bj the 
great friction to melt that por- 
tion of the file whlchis brought 
in contact with it, whilst some 
particiea of the fiJe are torn 
Bwny with violence, and being 
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pnjeoted into the air, burn with tLot beautiful effect so pe« 
steel If the ezperimciit is pcrfonned in a darkened loom, 
ripherj of tbc revolving disc will be observed to have m 
lominoua red heat. Thirty years ago every house was proTida 
" tinder-hon." and matches to "strdio a light." Since the d 
prometheans and lucifers, the flint and steel, the tinder, and tlw 
dipped in sulphur, have all disappeared, and now the bos vi 
df^osited in any antiquarian museum under the portrait ot Gaf) 
and labelled, " an instruraent for procuring a light, eitensivagi 
the early part of the nineteenth century." (Fig. 313.) ] 




The rubbing of a piece of wood (hardened by fire, and cut tfl 
Bgajnat another and softer kind, has been used from time iiri 
by savage nations to evoke heat and light ; the wood is revi^ 
feshion of a drill with unerring dexteiitj by the hands of tU 
iaid being surroimded with light chips, and gently aided by M 
the latent tire is br great and incessant labour at last proonts 
favourably the moaem lucifera compare with these laboriooal 
barbarous tribes ! a cliild may now procure a. light with a al 
prepared metal, and great merit is due to that person who finH 
a method of mixing together phosphorus and chlorate of potsi 



THE 80DSCEB OF LiaBT. SS9 

w <mt dangerous materisJs that they are as safe u the "old 
■WJ, xii have now become one of our domestic neoeaBariee. 
'Mt the increase of beat ia a solid body, is another source of 
*"'' 19 mil illustrated in the produotion of illuminating powrr 
Jie Wfflbustioa of tallow, oil, was, camphine or coal gas. The 
Wfiw is deri'ed from the Latb (it/nii, nre), and is quite distbef , 
d s lotiilj different meuung from that of comiuaiien. If a glass 
lai irijii {Brbonio acid gas, and a little traj placed in it containing 
ID TOlton, it will be found impossible to fire tiie latter with i\ 
ttfer, he. b; combustion (coiniwo, to bum), because the gas 
sbes Jame which is dependent on a 
JMygGU; whereas if a copper or 
tallic vire is made red hot or ignited, 
'Die add has no effect upon the heat, 
*ed hot wire being passed through 
he gun cotton is immediately lired. 
xinsists of three parts — viz , of an 
I, which comes directly in contact 
lir, and has little or no luminosity , 
«ondfilm, where carbou is de^iojited, 
by iffxition, and finally by com 
iroduces the light ; aud thirdly, of 
r space containin^g unbumt gas, 
IS it were, waiting its turn tu reach 
lal air, aud to be consumed in the 
lanner. (Fig. 349.) 
bJ action and electricity have been 
Ltly mentioned in this woric as a 
heat and Ught, that it will be an 
to do more thiu to mention thp i 
list phosphorescence (the Rixth 
light) in dead and living matter, 
leons ptoduction of light, is well 
d exemplified in the "glow-worm," 
fly," the luminosity of the water of 
,, or the decomposing remains of 
h, and even ot human bodies Phoi 




is still n 

ilding a sheet of white paper, a cal 
ter-shell, or even the hand in the 
s, and then retiring quioLly to a 

room, when they appear to be lu- 
ad visible even after the light has 

fall apon them. 

e purpose of esamining the tern]' " 
rpDorescenco of various bodies, 
I has invented a most ingenious 
, ctUed the " phcephoresoopa." 
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consists of n rjiindcr of wood one inch in diameter and seven inches 
Ion;;, placed in tbe angle of a black boi with the electric lamji inside, 
so that three-fourtlis of the cylinder are Tisiblo outside, anj the Te- 
mtuning fourth exposed to the interior electric ligbt. 

Bt means of proper wheels the cjlinder, covered with any substance 
(sue!) «a Becquerel a phosphort), is made to tcroke 300 times in a 
second, and bj using this or a lesser velocity, the various phoaphori 
are first exposed to a powerfnl light and then brought in view of the 
S])CctBtor outside the box. 

It is understood that light ia produced by an emanation of raya from 
a luminoua body. If a stone is thrown from the band, an arrow shot 
from a bow, or a ball from a cannon, we perfectly understand how either 
of them may bo pro)>elIed a certain distance, and why they may travd 
through space ; but when wc beat that light travels from the sun, which 
is nioetj-five millions of miles away from the earth, in about seven 
minutca and a half, it is interesting to know what is the kind of 
force that propels the light through that vast distance, and also what is 
supposed to be &ie nature of the Tight itself. 

There aro two theories by which the nature of light, and its propaga- 
tion through space, are explained ; they are named after tbe celebrated 
men who proposed them, as also from the theoretical mechanism of their re- 
spectiTC modes of propulsion : thus we have the Newtonian or corpuscular 
theoiT of light, and the HuyBhenian or tindulaiorst^ieor^; the first named 
after Sir Isaac Newton, and the second after Hujghens, another most 
learned mathematician. Many years before Newton made his grand dis- 
covery of the composition of light in the year 1673, mathematicians were in 
favour of the MsrfM/a/o^ theory, audit numbered aniongst its supporters 
not only Huyghens, but DescMtes, Hook, Malebranche, and other feanied 
men. Mankbd has always been glad to follow renowned leaders, it is 
so much easier, and is in most cases perhaps the better course, to resign 
individual opinion when more leornea men than ourselves not only adopt 
hut insist upon the truth of their theories ; and this was the case with 
tbe corpuscular theoi?, which had been written upon systematically Mid 
supported by Empedoclea, a philosopher of Agrigentum in Sicily, who 
lived some 444 years before the Christian era, and is said to have been 
most learned and eloquent ; he maintained that tight consisted of 

ertidea projected from luminous bodies, and that vision was performed 
th by the effect of these particles on the eye, and by means of a vbiial 
influence emitted by the eye itself. In course of time, and at least 3CN)0 
years after this theory was advanced, phDosopbers had Ejadually rejected 
the corpuscular theory, until the great Newton, about the middle 
of the seventeenth century, advanced as a champion to the rescue, and 
stamping the hypothesis with his approval, at once led away the wbolo 
army of philosopaers in its favour, so that till about the beginning of Ibe 
nineteenth century the whole of tlie phenomena of light were expired 
upon this hypothesis. 

The corpuscular theoiy, reduced to tbe briefest deGnition, sapposes 
light to be really a material agent, and requires the student to believe 
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that this agent e 
eonld not be veiglied. ai 
sapposcd to be given out I 
gerb firework) trom the inn, t 

ttarei with enormons velodtT, ud Ibcnfacc to poMtM the j 
vtertia ; and to excite the senaiAim of fiakM In ■r~'*~~ ~ 
the expanded nerve, the retina, die qaa»-miad « til , 
remaiKa, " (hat according to thia pnjeetile theof; the fbcoe anplofed in 
the free einisaion of light must be aMDt & miOiaD MiDkn tines m gieai 
as the force of gravity at the earth's sinbce, and it mnst other act widi 
equal intensitj on ail the particles ot light, or anst impd hbk of them. 
through agrrater space than others, if its actioa he iDcii«powtfftil,iaBoe 
the velocit; is the same in a!) eases— (or exanpK H tiw prajcctik bne 
is weaker with respect to red light thaa wiUk teapect to nMct lig^ U 
mtiat coDtinnE ite action od the red ta^s to a grater distaiice Una oa 
the violet rays. There is no instance m nature beaidea of a wd^ pro- 
jectile moving with a velodty onifonn in all cases, whaterer maj be ita 
canse ; and it is extremely difficult to imagine that snch an immense focoe 
of repulsian can reside in al) snbstances capable of becoming lominoos, 
BO that the light of decaying wood, or two pebbles rubbed tcgether, maj 
be projected precisely with the same velocity as the light emitt^ I^ 
iron homing in oxygen gas, or by the reservoir of liquid fire on the 
anrrace of the sun. How one oF the most striking circomstancea 
respecting the propagation of light, is the vnifirmitg of its velociW in 
the same medinm. These and other difficolties in the application of^the 
oorpnscujar theory aroused the attention of the late X>r. Young, and in 
the year ISOl he again revived and supported the neglected uudulatorT 
theory irith such great ability that the attentbn of many leaned 
mathematiciaiis was directed to the subject, and now it may be said 
tiiat the corpuscular theory is almost, if not entirely, rejected, whilst 
the nndulatoiY theory is once more, and deservedly, used to explain 
the theory of ught, and its propagation through space. By this hypo- 
thesis it IS assumed that the whole universe, including the most minute 
pores of all matter, nhether solid, fluid, ot gaseous, arc filled with a 
highly elastic rare medium of a most attenuated natnre, called ether, 
pusecBsiug the property of inerlia but not of gravitation. This elAer is 
not light, but light is produced in it by the excitation on the part of 
Inminous bodies of a vibratory motion, sioiilar to the undulation of 
water that produces waves, or the vibration of air affording sound. 
Water set in motion produces waves. Air set in motion produces waves 
of sound. Ether, i.s. the theoretical ether pervading all matter, like- 
wise set in motion, produces light. The nature of a vibratory medium 
is indeed better nnderstood by reference to that which wo know 
possesses the ordinary properties of matter — viz., the lir ; and by tracing 
out the analogy between the propagation of sound and light, the diffi- 
culties of the unduktorj theory very qidcklv vanish. To illustrate 
vibration it is oiUy necessary to procure a finger glass, and having 
ipported a little ebony boU attached to a silk thread by a bent brass 
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wire directlj over it, so thut llie bull aiav toaeh eitlier tie ontade* 
the inside of the ^lass, ittteation most be directed to the qoiescenceol _ 
the ball wbea a violin bav is lightl; nioved over the edge of the glut 
without producing sound, ana to the contrary effect obtuned bj » 
moTing and pressing the bow that a sharp aound is emitted, when jnv- 
mediatelj tbo little ball is thrown off from the edge, the repnlaiyE artioii 
being continued as long aa the sound is produced by the vibration of ■ 
the ghias. (Fig. 250.) " 




Fij. 250. i. Tie finger gli 



Here the vibrations are first set up in the glass, and being coEimoiii- 
eated to the aurroundin» air, a sound is produced ; if the same esperi- 
ment could be performed in a Tacuum, the glass might be vibrated, W 
not being surrounded with air, no sound would be produced. This IMt 
is proved hy first ringing a bell with proper meeliMiiam fiied nnder the 
receiver placed on the air-pump plate ; the sound of the bell is audible 
until the pump is pnt in motion and the receiver gradually exhausted, 
when the rinsing noise becomes fainter and fainter, until it is perfect!; 
inaudible. This experiment is made more instructive by graduaUJ 
admitting the air again into the exhausted vessel, and at the same tune 
ringing the bell, \Fhen the sound becomes gradually louder, until it 
attains its full power. Tlic sun and other luminous bodies may be 
compared to the finger glass, and are annposed to be endowed 
naturally with a vibratory motion (a sort of perpetual agne), only 
instead of the air bein^ set in motion, the elAer is snpposed to be 
thrown into waves, which travel through space, ana convey the 
impression of light from the Inminous object. Another familiar 
example of an undulatory medium ia shown by throwing a stone 
into a pool of water; the toroicr immediately forces down ana disphioes 
a certain number of the particles of the latter, consequently the sur- 
rouiiding molecules of water are heaped up above their level ; by the 
force nf gravitation they again descend and throw up another w " ' 
ID sobsiimig raises another, until the foroe of tl 




hat the force is pTDi)agated b; the luiBg tai Utng of CMfc iq— to 
pirticle of witter aa it is distorhed hj the moweiitiUB of the illiiiiwlii|. 
Wire before it. Wlien standing at a jner-hod, «r on » ncfc apiB* 
Wliich the sea dashes, it 'a usual to hear tbe uImuiu or a«t, if tlie 
ireather is stormy and tbe waves vnj higli, "Ob ! here cornea a grot 
WEve !" as if the water trarelled bodily from the «pot where it wu fir»t 
noticed, whereas it is simply the force that ttavels, and i> exerted finally 
On the water neareat the rock. It is in fact a nrogitaEiTe action, just u 
Uie wind sweeps over a wide field of com, and bends down the can one 
alter the other, givii^ them for the time the appearance of waves. The 
nindple of successive action is well shown by placing a nnmber of 
nlliard balls in a row, and touching each other ; if the first is struck the 
BOtioil is communicated through the rest, which remain immovablCL 
Wist the last only flies oat of its place. The force travels throng all 
tile balls, which simply act as carriers, their motion is limited, aod the 
lut only chnngcs its position. Frogressirc movement is also vdl difl- 
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i cft&e series c/ Beedk% h b TciTCiiTkiiis to see them torn m 
cccoK.:^ iirK^ia progreaszTdT, one afSer the other, as the repalsi?e 
rearer li :iie boir saenet cndullT operates upon the simihur poles in the 
a&ieuci': sMCJes. TSe r,rAiiatfkins oi the waves of water are also perfectly 
s2i:V=. :t :i2.iz^ ibe apparaxiis eonsbtiiig of the trough with tne gla^ 
b:c«:ci izti scma adcve it, as described at page 10. The transmission 
<i ntfarj.cs £r:Q cee P^^ee to another is also admiraUj displayed in 
F^esscc WV«&:5:c£je's Telephonic Concert (see page picture), where 
lie 3i-Lki.-:&I =^r;:ziettU;» as at the PolTtechnic, were placed by the 
a=.'Li:c iz \2jt basezjeni, and the libration only conducted by wooden 
r>is ^c : ie scczdf^-boards above, so that the mnsic was laid on like 
riiS :r wxitz. Tbese vTandoBS or undulations in air, water, said the 
UffcrfCj.-al f si<er, L&tv tfocfore been called wares of water, waves of 
sc>-LZkL izi 7:&Te5 c' ii^tii^ jus; as if three clocks were made of three 
cif ^r!:i: zi>;:.iliw ibe raechinisDQ would remain the same, though the 
iLiZiz-^ :r iz. liis case ihe n^edium. be different in each. 

JLzLT i:»:rr.ks^ =. lie nuziber of vibrations of the air produces acute, 
w^^; k i-fcrtzfc^e &::e=:is lie grave sounds, and when the waves suc(^ 
niri :ci-;r =.r^ less lisa sixteen times in a second, the lowest sound is 
jir.ira.vi. L:*:i: azd colours are siq>posed to be due to a similar 
<%S5«;. JuD* iz. :r5*r :o pr^zduce the red rav, no less than 477 millions of 




iLLb."c< :c' :i5i7'itfa?cs in a second. 

A>ib:cjri bf^* mr^ with sudi amaring rqiiditj, there is of course 
a ^rrrAiz: r.zj? conrwd 2: its passage throi^ snace — there is no such 
; V;zu: as jLs:4Lr::&z)e£ry in aanue. A certain perioa of time, however small, 
nis^ ;^^irt«< m :'::« Vctcfriuzfie of anv act whatever, and it has been 
rr*r^£ vy i rti::«,il c^servaiioa of the tone at which the eclipses of the 
»ull:;« cc J-::p::ec aw perceived, that light travels at the rate of 
lyi^KV r:£'» per s«Kcoi. as^i by the aboiation of the fixed stars, 
lrl.^15. :ibe rmn c^ t^ese two sets of observations would prolutblT 
af .vi :bf ^cckv^ me. Soch a vdocftr is^ however, somewhat difficufi 
to arccmi:^. jai : Jxrefoie, to assist bur conipreheiision of their great 
SiJti:*d:;ii^. Sir J. H<rsehei has given some veir interesting comparative 
<«jk:i&ii!.''£:!S< asi ccming ^21 such an anlhoritv we can readily believe 

* -V v'acaxi-iaLl zooving uniformly at its greatest vdodtr would 
:«\:ri:>r sttv^ciiNfi yvars to reach the sun. IjSgbX performs the same 
dsbfikvin atv«t ^ven minutes and a half. 

^ TV $w*j^i»t bud, at its utmost speed, would reouire nearly three 
w«<i^ tc r;:^e the tour of the earth, supposing it coula proceed without 
nccccKC 40 «ake f<LX>l or rest. L^t perfwms the same distance in 
iw* nxi liitt » wcuined for a sin^e stroke of its wing." 

l>!sa::»s::u: fee the present the theorr of undulations, it will be 
l!l^.'«ts«^^ rc»^ examine the phenomena of light, regarding it as radiant 
auiwc^ withiC!«t lefeKttK to cither of the contending theories. 




:s &om the ^nit, pzisscs Umragli wnlli^ww fjf juitt to tbe 
II us it Ma upon diSereat nibstaiices, ■ miOj of effects an 
There is a ccrtaia daas of bodies wbicb obatraet the fomage 
ijs of l^ht, snd where light is not, a alndov is cwt, and uie 
I prodociDg tbe sbadov is said to be opaqae. Wo(>d, itaa^ 
^ charcoal, are all exampla of op>e>t;;vtubt^M«,t>k^ and 



; tbe sbadov is said t 
a certain DiiiDber of Uie rajs' to bind thmghlliar par- 



e therefore called tianspamt. Hataie, howftt , i 
in sudden extremes, sod as no ni]»faBiee n so vp*4"e aa not 
iuced in thickitess) to alJow a certaia amovnt of l^st to [Mai 
its sabstance, so, on the otbo-hand, knerer tiat>*pamitk 
■ be, a greater or lesser nnmbec of tbe rays are ahrajs stopped^ 
B opaoitj and tnmsparencr are regarded as two extremes of « 
a ; being eonnectea tc^etber bj niunenms intemiediate links, 

by insensible gradations the ope into tlie other. 
Id leaf, which is about the one two-bandiedth pert of an inch 
ess, is Gied on a ^Uss plate and held before a ti^i^ a gic^ 

apparent, tbe gold appearing Uke a gieai, iemi-tiaiqiannt 
!. ^¥ben plates of glass are laid one abore the other, and the 
a candle observed through them, tbe lig^ d 



Eren in the ai 



( the number of glass-plates are increased. 

hie portion of light is intercepted. It has L 

[izontal snnbeams passing tbrangh abont two fanndRd ■) 
wo-thousandlb part only reaches us, and that no sensiUe lig^ 
late more than sccen bnndred feet deep into tiie at 



the Tast depths discovered 
n absolute darkness. 
ia tbrown ont on 
from a luminotis 



nj obstruction, tbe 
liatribnted egoally 
), diverging like the 
m from tbe centre 
,e. As a natural 
ice arising from 
gence of each ray 
ither. the intensity 
decreases as the 
'rom tbe luminous 

irhaps tlie heat inc- 
lotioa of this kw 
d by on ordinaiT 
point from which 
radiate, and where 
meet, may be 



I laying the Atlantic tel^raph 
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htmcd the liriit; tlie sticki are tlie njs pnioeKling from it. (Kb 
S530 

Tse ba it licld in one hand, and the first fiiw;er of the other can ba 
BMle to UiQch all the sticks if placed saffidentl; near to a ; and mp^ 
petting the sticks are called lajs of light, the intcnsitj maat be great ife 
that point, because all the rajs fall apou it ; but if the finger is remotBl 
. tonros the outer edge — viz., to b, it now onlj touches some three or 
foor sticks ; aud poisuing the onalcej, a veij few rajs fall upon th»t 
point — hence the light has decreased in intensity, or to speak correctly, 
" Light decreases iuTenelj as the sqtiai«i of tne distance." This liw 
has alreadj been illustrated at page 13 ; and as an experiment, Iha 
tajs from the oij-hjdrocen lantern ma; be permitted to pass oat of • 
sqoare hole (saj two incnea square), and should be thrown on to * 
transparent screen divided into sqoares bj dark lines, so that the Mi-t 
at a certain distance illuminates one of them ; then it will be found tu^ 
at twice the distance, four ma; be iUnminated, at three times wse, uJ 
BO on. (Fig. iai.) 



V 



V- 



upon thia law is based the use of photometers, or instmments Ik 
measuring li^t, and supposing it was required to estimate ton^j the 
illaminatug power of an; lamp, aa compared with the light of a wu 
candle six to the pound, the experiment should be condnoted in a iaA. 
room, from which ever; other Ug^t bnt that &om the lamp and oandla 
under examination must be excluded. 

The lamp, with the chinmej onlj, is now placed say twelTC foot from 
thewall, and a stick or rod is placed upright and about two inches frtHU 
the latter, so that a shadow is cast on tne wall; if the caudle is now 
lifted and allowed to bnni op propeil;, two ahadowa of the stick will 
be apparent, the one from the lamp bra^g black and distinct, and th« 
other from the candle extremel; faint, until it is approadied nearer the 




< is equnl to IG wax caiidlni 

of working oiil tlm inini) 

kl, bqt fm • totf^ nymiwrtion to the tmtb, tlie plui olremjir ilaa 

Ammt amtamfttatt^ he ymdueei on the prinolpln thnt rivnry 
UtMli its on dadov. ciDed tlie "dance of dfitth," or I lir< ••'\„^wv .If 

Iw witches;" dtba- of tkoeigreable subjects ar<i <li[<u I iln' i.ni 

Jntntout of a dieel of cardboard If a wet shrcl. i-< '.in ir In rl ,,i i,,,,,|j 
Mowndectf a pair of folding doois puilf opc^ii. ami I>Hui i n nimii 
flwcnAoaid b tadud up, sua the space left at I In' l<iji \iw\ ImliiMii 
dowd witli a daik doll^ directW the rooin b<it'i>rii lh(i iilii<o1. \» 
dntnad and a lidiled caiidle held bcliind tUu Hauro out nut In IJi* 
ardbond, one ihsdow or image is thronn upon tljo iliMit, miil tliiM 
llliJim mar be iiUToaaed according to the number of oaiiilln* Ufird, ud 
I Umt we aeld by two or three persona, and niovi'J iiii imil down, or 
-■* — liK shadows follow the direction oC the caiullu», uml [irosuut 
~ dance. (Fig. 2&6.) 



SHADOW nj-uaioiia. 



■ Jnoliier very comic effect of shadow U that called " jatnping op to 
I He ceiling," and when carried out on a hrge scale by the author on an 
W BionnQns sheet suspended in the centra transept of the Crystal Palace, 

Sjdenham, it hod a most knghable effect, and caused the greatest 

loaaement to the ohildren of ftlTi^s. (Fig. 233.) 




Hi; lis. ThsUngbBble 



lua very telling reaolt ia produced bj placing an oxj'hjdrngen tight 

e feet behind a large sheet, and of course if any one passes between 

tiro a shadow of the individual is cast upon the sheet, then by 

dug towards the light the figure diminisbes in size, aud by jumping 

_■ it the shadow appears to go np to the ceiling, and to come down 

bra the jwnp is made in the opposite direction oTer tlie light and towards 

■• sheet. The mlionale of this experiment b very simple, and is 

L i 
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-•■^p-rtii-.r, 

■■■ ■• .■:f\ -,t' 

r\\rff^\'r ^ .\f/liffi .an-.o .^ .f.-itztiT. .ziTo 'Le .'namDer. *.ixeiL "iie 3j* ail 
I v. n :! 11 ' >>p. 4 1 J r .T.i] r. fi fr ? '• i" j f ^ '■•' , *in< 1 *.**: TJZ .Tdected frDm thiur surtKt* 

Vr^'y* ''f.r\n^\\f,T\xfp^.^fp:r\ .Jim:nr,ii.s inii jijii-LimimcTxs bodies becomes^ 
wn^T^-nt vhpii v*», cr>Tisirt«r Siat *,he siin Tonid ippear only 3s mxtesi* 
.isrht^ .n » 'lark iv»oifCfr*'>MnH, if "hft ^r^h -via aoi snzrQiiziiijeti TiihiB 
T«iirAim ^tr?!** ''>f wr, in -vhirh ^r**, piaop.'l oicuda :iiiii Topouzs rhaz vMiIec- 
*!v**iY rH!*!/»t. anrl v*At.i-/»r^hft .iJr^^l v, rs *o "^iise it ^o be endurabie :o^r*iciL 
It, A -rh#»n th**, iky is v^iy ^.-par rinrintj J 1I7 or Auirisc dxar :iie JcaE 
iwvifnw .V) intpnv:, dii^ctlj ctov*fIa h/^gpn to fcnn and Jaac aoGur, the heal 
>*W?n moHerat^/i. 

Many jwits »sfO, Baron Al^xanrf^ Funk, viahinff some sUtcf mines ir 

i%«»<V^, '^hMTve'i, that in a vXpat rUy it was as da^ as piicli uoder 

r^TTTirt '.n *he »ye of the pit »t Bixty or flcventj fathoms deep; whereas, 01 

, ■f.rrDAx Y !^iny day he coTild f.vfn ftnii to read at 106 lathoms deep 

jurvaik^ if :^ miBerSi he was informed that this is always the case, am 



THB BXFI.KCIIOV OF UGBT. 

ng upon it be iraagiBed tcij properly that it arose from ttiis 
stance — tiiat when tne atmoswiere is ftill of clouds, lieht is re- 
from them into the pit in all directions, so that therebj a cmi- 
])e proportion of the rajs are reflected peq^ndieolaii; apon the 
whereas when the atmosphere is clear there ve no opaque bodies 
ect the light in this manner, at least, in a sufficient quantity, and 
■om the sun itself can nerer f^ peq)endicularlj' in Sweden. The 
reflecting surfaces has now become quite common in all crowded 
and especiallj in London, where even the rays of light aie too few 
lost, and flat or corrugated mirrors are placed at Tarions angles, 
to throw the li^ht Irom the outsiiic on the white-washed ceiling 
1, and thus obtain a better diffused light Ehrangh the ^lartment, 
3 reflected bodilj to some hack room, or rather dark brick boi, 
; perhaps far half a century candles have been required at an 
hour in the afternoon. The brilliant cut in diamonds is such on 
^ement of the posterior facets, or cut faces of the jewel, that all 
reaching tbem shall be thrown back and reflected, and thus 
t an extraordinary brilliancj to the gem. 

3 intense glare of snow in the AJpbe regions has loog been noticed, 
he reflected light is so powerful, that philosophers were even 
ted to believe that snow possessed a natural or iniierent lumi- 
I, and eave out its own light. Mr. Bojle, however, disproved 
lotion bj placing a quantity of snow in a room from which all 
Ti Ught was excluded, and neither he nor his companion could 
re t£at any light was emitted, although, on the principle of 
mtary phospliorcscence, it is quite passible to couceire that if the 
was suddenly brought into a darkened room after exposure to the 
if the sun, that it would give out for a few seconds a perceptibb 
In trying sucb an cx|iiGriment, one person should expose the 
to the snn, and bring it into a perfectly darkened room to a second 
a, whose eyes would oe ready to receive the faintest impression of 
and if any phosphorescence existed, it must be apparent. 
3 property of reflection is also illustrated on a grand scale in the 
nation of our satellite, the moon, and the various plan etaiy bodies 
L shine bj light reflected from the sun, and have no inherent self- 
osity. Aristotle was well aware tliat it is the reflection of light 
the atmosphere which prevents total darkness after the sun sets, 
n places where the sun's rays do not actually fall during the day- 
He was also of opinion that rdnhows, halos, and mock suns, 
all occasioned by the reflection of the sunbeams in diS'crent cir- 
tancea, by which an imperfect image of the sun was produced, the 
r only being exhibited, nut not the proper figure. 
s image, Anstotle says, is not single, us in a mirror, far each drop 
B is too small to reflect a visible image, but the conjunction of all 
nages is vbible. Aristotle ascribed all these effects to the reJUctioii 
;ht, and it will be noticed when we come to the consiiferation 
e refraction of light, that of course his views muat be seriously 




BOVb PLATBOOE of 8CIEKCE. 



The reflection of light is affected rather bj the cttadilion of tk 
surface than the whole bodv of a substance, as a piece of edd v>Vl 
be covered with gold or sliver leaf and caused to shine, whilel tu 
brightest mirror is dimnicd by the thinnest film of moiatnre. 

From whatever snrface light is reflected, it always takes plice Id 
obedieocc to two fixed laws. 

First. TAe incident and nJUieted rayi alwogt lie is the same flam. 

Second. Tie angle o/incidenee ii equal io lie axffle ofrefleetiot 

With a si^le jointed two-foot rule, both of these laws ar« 
illustrated. Tlie role maj' be held in the hand, and one end being 
marked wit^ a pieoe of white paper may be called the incident ra;, ).«-• 
^e taj that falls npon the surface ; and the other is the reiectw ray» 
the one coat off or thrown back. A perpendicular is raised bj holdbk^ 
a stick upright at the joint. (Fig. 260.) 




perpmd]ciil 



G fl. Tbe reflecting WCLce. 



„jiid thenid 

Tbe nngls i b c li equal to Ilw 
a at pluie, eithsi horlHalil « 



One of the most simple and pleasing delusions prodaced bj the reflec- 
tion of light, is that afforded by outtine through the outline of a vax, 
or statuette, or flovfcr, drawn on cardBoard, and if certain pobts are 
left attached, so that the design may not fall out, all the effect of solidity 
is gircQ bj bending back the edges of the cardboard, so that the light 



U a Dandle placed beliind it, ma; be reflected from the back edge of 
g eardboard on to tbe desim, wbicb is bent back. The light reflected 
Bi one surface on to the other, imparts aneculjarly soft and marble-like 
pcarance, and when the desiga is well ai&wa and cut, and placed in 
id position, tbe illusion is Teiy perfect, and it nppeara like a solid 
!._.__ J _t g design cut out of cardboard. (Fig. 261.) 




dcsi^ in ftami;, cut Ind hcnl back. The lighted cukUh is behind. 

Tlio leaf at the side of tbe above piclure ia intended to give an idea of 
t mode of cutting ont the designs, and in this case tbeleaC would be 
tiodbent back, and a small attachment slip of cardboard left to 
tnnt it falling out. 

Ow cardboard design is alwajs bent toward the light, which ia 
Hed behind it. As a good illustration of the importance of reflected 
fkt and its connexion witb luminous bodies, a beam of hgbt from the 
J-hjdrogen lantern may be allowed to pass above the surface of a 
we, when it will be noticed tbat tbe latter is lighted up only when the 
tn ia reflected downward by a sheet of white paper. 
Py reference to the two laws of reflection already eiplnined, it ia easy 
trace out on paper, with the help of compasses and rule, the effect of 
Ke, concave, and convei surfaces on parallel, diverging, or convergioK 
f of light, and it may perhaps assist the mcmurf if it is remembered 
I It p/aae surface means one that is flat on both sides, sueb as a 
' . convex anrfoce is represeoted by the outside of a watch- 

iJ surface, bj the inside of a watch-glass ; parallel rays 

e the straight lines m a copy-book; diverging and converging 
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ravB, are like the sticks ot a fan spread oat as tlie sticks separate or 
diverge ; the sticks of the fan come together, or converge at tlie hsndle. 
The reflection ot raya from » plane surface may be better understood 
by reference to tlie anne\ed diagram, (Fig. 263.) 




¥lg.tM. XI, IK. Tiro dli 
OmlB!, Bd li nBcBtsd buk „_^ 

IS. tBelBddsiitBiidrefleclednnfbnidiifcqulmriaiUiinnedbjtiMpe , 

Asjim^ nBKted 1b i plsne mtiror uppon w br DaUnd n o tkaa^aitt bitaa It, mil 
tlia dotted lliH swoUng (t e ihoir the ■ppamit pnKloii at flu nStded Imi^ hmul 
Qm ^lai, u WD ftt e. Tbe tatoe bet u ilso ihown ta the Kcood dinfnio, vhen Out 
leflected plctore, i x. nppeiuB at ttis nune dubutce bthind tlie nrftwe of t£e nuiror u Qa 
otdMt, tB, la beAm It. 

By the proper arrangement of plflmt mirrors, a number of anmamy 
delusions may be prodnced, one of which ia sometimes to be met with 
in the streets, and is called " the art of looking through a four -inch de«l 
board." The spectator is first requested to look into a tube, througJi 
which lie sees whatever may be passing the instrument at the time; 
the operator then places a deal hoard across the middle of the 
tub^ which is cut awaj for that purpose, and to the astonishment ot 
the juveniles the view is not impaired, and the spectator still fancies 
he is looking through a straight tube ( this however is not the case, as 
the deception is entirely curried out by rcQcction, and is explained in 
the nest cut. {Fig. 2G3.) 

During the siege of Sehastopol nninbera of our best artillerymen 
were continually picked off by the enemy's rifles, as well as by cannon 
shot, and in order to put a stop to the fooUiardiness and incautionsness 
ot the men, a very ingenious contrivance was invented by the Bev, Wm. 
Taylor, the coadjutor of Mr. Denison in constructing the first "Big 
Ben" bell. It was called the reflecting spy-glass, and by its simple con- 
struction rendered the exposure of the sailors and aolaiers, who would 
look over the parapet or other parts of the works to observe the effect 
of their shot, perfectly unnecessary; whilst another form was constructed 
for the purpose of allowing the gimncr to ''lay" or aim his gun in 
safety. The instruments were shown to Lord Panmnre, who was »0 
convinced of the importance of the invection, that he tmmediatelj 



OFTICAL iLLcaiom. 




tciissioned tlie Eev. TVm. Tajlor to have a unmber of these telescopes 
itmcted ; and if the siege had not terxaicated just at the time the 
iution wu to Laie been used, do doubt a great sav'me of the 
lable lives of the skilled artillctTinen would have been, elfected in 
sllied armies. The principle of the reflecting spy-glass may be 
iprehended by reference to the next cut. (Fig. Sb4.) 




^ placing two mirrors at an angle of 45°, the reflected image of a 
KD gating into one is tiirown into the other, and of course the elTeot 
somewhat Btartlii:^ when a death's head and cross bouca, or other 



cheerful subject, is introduced opposite one mirror, whilst bl__ , 

who ia tmacquainted with the delusion is looking into the other. 

adjoining rooms might liave their looking-glasses arranged in 

I, provided there is a. passage running behind them. [Fig. 2 




One of the most startling effects that can be displayed to J* 
ignorant of the comtnon laws of the reflection of light, is cidl< 
" magic mirror," and is described bj Sir Walter Scott in his g 
stor; of that name. The apparatus for tuc purpose must u 
planned and fixed in a proper room for that purpose, and if ai 
conducted, may surprise even the learned. &. long and som 
narrow room should be liung with black clotb, and at one end n 

Ced a large mirror, so arranged that it will turn on hinges like s 
magician's circle may be placed at the other end of the cham 
■which the spectators must be rigidly confined, and there is very little 
that the arrangement about to be described was formerlyused by 
astrologers who pretended to look into the future, and to hold ci 
nication with the supernatural powers. Tiie creduUty of the p 
who consulted these "wise men," is not surprising wnen we cc 
the ignomnce of the public generally of common physicai laws, : 
the wonders that may be worked without the assistance of the 
one;" moreover, the initiated took great care to conceal the mac 
of their mysteries, never imparting tlie illusive tricks even tc 
most faithful dependents except under solemn oaths of secresy, b 
they derived in many cases considerable profit bj their pretended 
rations and jugBbug tricks, and therefore were interested in keepi 
outer world in [gnorance. The wizards were always careful to ii 
those who came to consult thein with tjie awful oature of the ii: 
tions they were about to perform, and with such a powerful aimL 
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a well-darkened room, they diTerled the thoogMs of the more 
and prevented tbem watching the proceedings too closdj. 
il effects were not disdained, snch as suppressed and dismal 
iham thunder, and the wizard nsuallj heighteoed his own 

rsonal appeanmee by wearing of course a loa^ beard and 
trimmed with hieroglyphics, and with the assistance of a 
s volome fall of cabalistic signs, a few skulls aod cross bones, 
rfaas, a pair of drawn swords, a black cat, a charcoal fire, and 
[ruga to throw into it, a very tolerable collection of imps, 
, and demons, miglit, be expected to attend without the modem 
jf spirit-rapping. As before stated, the delusion must be care- 
^acted, ana a confederate is necessary in order to use the 
lagoria, or magic lantern. The slides of coarse were Tainted to 
'ortnne to be unfolded — an easy road to riches for the gentle- 
tie of love, ending in matrimony, for the ladies, 
icctators being placed in the magic circle, are directed to look 
mirror; they may even be ordered singly to fetch a skull off 
tel-sbelf beside the mirror, and whilst joing so to look full 
mirror, and then return to the circle. Absolute aileuce is 

and soft music is now heard ; the darkened loon is lit up for 
;nt by a Kttle yellow or green fire thrown on to the charcoal 
now looking into the mirror, it no longer reOeets surrounding 
but B picture, at first small and faint, and then gradually 
; large and clearer, is apparent. The picture is made Tisiblo l^ 
:dcratc gently drawing the mirror from its position parallel 
&ame to an angle of 45 degrees, and then throwing on from 
t pictore from a magic-lantern. The picture is small and in- 
ibilst the confederate holds it near the mirror and out of focus, 

mores backwards and focuses the lenses, the picture oradually 

in size, and the reflecting angles having been well planned 
id, only those in the circle will be able to see the picture, and 

may be elicited from the magic mirror by pretending to tell 
B fate of a very slim person, and introducmg him by a suo- 
f pictures which gradually assame a John Bull rotundity of 
rrounded by dozens of children ; whilst to young ladies who on 
a provoking picture of an old maid mny be introduced ; indeed, 
no end to the innocent fan that may be extracted from the 
[Tor, and the whole plan of the delusion may be better nndcrstood 
noe to the neit picture. (Fig. 260.) 
rur Salverte very properly remarks that " man is credulous 

cradle to his tom\; but the disposition spriuga from an 
le principle, the oonsequencea of which precipitate hun into 
3rs and misfortunes The novelty of objects, and the 

of referrm^ tbem to knovra objects, will not sliock the 
ot nnsophisticated men. They are some additional sensations 
receives without disoussiou, and their singularity is perhaps a 
dell causes him to receive them with greater pleasure, ifcm 
waft loves and seeks the marvellous. Is this taste natural ? 
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les it spnng from ilie ednestioii i^ddi duxiiig many ages tfae humin 
e has leoeiTed from its fiist instrnctarB ? A vast and novel qnestaao, 
* with which I haTe notlmu^ to do. It is sufficient to ofasmpe tint 
the lover of the wondezful alwm prefers the most EorpiiBinff to the 
it natural acooont, this last has beoi too frequently nepecte^ and ia 
sTOcablj lost. Qeratsinnally, however (and we ahall ate more iitaa 
I instance), simple tmth has escaped from the power of oUivion. 
sdnbns man maybe deceived once, or more freqnentlj; but his 
iolitj is not a sufficient instrument to govern his whole existence. 
i wondetfiil excites only a transient aomiratiQn. In 1796, the 
ndi Momms remarked with surprise how little the spectacle of 
OODS affscted the Tncjolent Egyptian. .... But man is led by lus 
ibna, and particulady by iope vad/ear" 

Then parallel lays && upon a convex mirror, they are scattered and 
leraed in all directtaos, and the image of an object reflected in a 
rex mirror appears to be very small, oeing reduced in size because 
reflected picture i x is nearer the suifuae of the mirror than the 
ictAB. Ko. L {Rg. 267.) 
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.267. AS,DB.(HaS) nmient tmpmndrmiiieidenft onflM 

lie one (A B) pCTpeD^colaify, the oCher (d h) obikiaelr. o is the centre of con- 

. H B ia the lefleeted i^ of file oUiqiie incident ooe;, B H; idiilrt c a I is the 
idiealar. 

»nyex mirrors are not employed in any optical deception on a large 
, although some insenious delusions are producible from cylindrical 
x)nical mirrors, and are thus described by Sir David Brewster : 
bnong the ingenious and beautiful deceptions of the seventeenth 
uy, we must enumerate that of the re-formation of distorted 
res by reflection from cylindrical and conical mirrors. In theso 
aentations, the original image from which a perfect picture is pro- 
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duoed, is often «o complete!; distorted, ILitt the eje cannot tnu _ 
the resembluicc to an; legiUar %ure, and the greatest degree cif 
vooder is of course excited, whether the originid image is ooneraledot 
exposed to new. These distorted pictures may be drawn bj strict 
{Rometrickl rules, and I have shown a simple metW ot ejecatii^ 
Uun. Let h be an accurate cylinder made of tin-plate or of thii» 




pasteboard. Out of the further sideof it cut a small aperture, aieii, aiJ-^5 
oat of the nearer side cut alarger one, abcd {white letters), the siie tf^^^ 
the picture to be distorted ; having perforated the outline of the picture''' 
with small holes, placeitintheopeomc &scs (white letters), so that it ^^^ 
surface ma; be cylindrical ; let a candle or a bright luminous oi' ' "'^ 

smaller the better — beplacedats, as far behind the picture ibl _ ^ 

letters) as the cje is afterwards to he placed before it, and the light paaaing 
through the small holes will represent on a horizontal plane a distorteS^ 
image of the picture at i b C s, which, when sketched in outline with »> 
pencil, shaded, and coloured, wiU he read; for use. If wenowsnbatitttto i 
A polished e;lmdrical mirror of the same size in place of u, then lbs ■ 
distorted picture, when laid horizontally at iB C », will be restored to T 
its ordinal state when seen by reflectioa at abcs (white letters) in | 
the potohed mirror." The effect of a rvhndrical mirror on a distorted pio- 1 
tore is shown at No. 2, being copie3 from an old one seen by Sir D. ' 
Brewst«r. i 

Bt iDoling at a reflection of the face in a dish-corer or the common 1 
surface of a bright silver spoon or of a silver mug, the latter trt ' 
becomes ugl; as the image is seen reflected from its surface, a 



PICTURES DISTORTED BY BEFLECTIOIf. 



s the most absurd form as the mouth is opened or shut, ai 

S* face advanced or removed from the silver teasel. (Fig. S69.) 




Fig. £«9. DlBlcTtcd Inage produi^Ed bj im IrFopUi 



,, In the writings of the ancients there are to be found certain indica- 
^'ffla of tho results of illusions produced by simple optical arrange- 
j^'ents, and the sudden and momentary apparition (from the gloom of 
^"Bffeot darkness) of splendid palaces, delightful gardens, Sc, with 
j^'iich — the conenrrent voice of antiouity aasurea os — the eyes of tho 
**e(ioldecB were' frequently dazzled in the mysteries, saoh as the evocBtiou 
^id actual appearance of departed spirits, the occasional images of their 
^Ji4r«, and of the gods themselves. From & passage in "Pausanias," 
CBcboUc nx.), when, speaking of Orpheus, he says there was anoientlj 
*k.t Aomos, a place where the dead were evoked, ifuvofuaTtior, we leeni 
*liat in those remote apes there were places set apart for the evocation 
^ the dead. Homer relates, in the eleventh hook of the " Odyssey," the 
Admission of Uljsses alone into a place of this kind, when his interview 
>rith his deported friend was inferruptedhj some fearful voict^ and tho 
hero, appreheuding the wrath of Proserpine, withdrew; the priests who 
tuasj^^d these deceptive exhibitions no douht adopted this method of 
getting rid of their visitor, who might become too inquisitive, ^ dis- 
Oovertne secret of the mysteries. 

Of aU the reflecting sunacesmentioned, none produce more bteresting 
fleceptions than the concave mirror, and there is very little doubt that 
iQccr mirrors of this form were known to the aacicuts, and employed ia 



^ 
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some of tlieir tacnd mj^teiies. Mona. Salrerte has iDdnstriooaly co!- 
l(«ted in his Tsloable tdi^ the most tnteresiu^ proob of tteir ose, and 
quoCM the falloiriiig passage of " Dama^clos,' ia wbicli the reanlts 
obUiiuble from a concave aurror we dearlj apparent, (Fig. 270.) 




He sajs; — "la a laaaifeatation which ought not to bo reyealei^P^ 

there appeared on the nnU of the temple a mass of light which 

at first seemed very remote ; it transformed itself in coming nearer into 
a face evidently dirine and supernatural, of a severe aspect, but miied 
vilh gentleness, and extremely beaulifid. According to the institotion 
of A mysterious religion, the Alexandrians honoured it as Osiris and 
Adonis.'' 

Parallel rays throtvn apon a concave surface are brought to a focus 
or converge, and when an object is seen by reflection from a concava 
eur&ce, the representation olit is various, both n'ith regard to its mag- 



TBE CONCATE TOEStm. 

B tmd sitnation, according as the distance of the object from tha 
t reflecting surface is greater or less. (t'ig. 271.) When the object ia 
I placed between the/o«« of parallel rays 
I ud the centre, Iho image falls on fie 
K eppotiU side of the centre, and is larger 
ff than the object, and in an inverted po- 
^Wtion. The raja which proceed from 
ktaij remote terreatrial object are nearly 
parallel at the concave mirror — not 

rtrictlj 80, but come diverging to it in 

keparate pencils, or, as it were, bundles 




U^"'^ 



ntrcofconnlvftjiBC. B 

, bdDg perpendicular ta tl 

t, i.a. Ttifi ottjecC i «. Ibe louei!. 




■therefore they will not be convei^d to a point at the distance of halt 
"the radios of the mirror's concavity from its reflecting surface, bot in 
veparat-e poiota at a little greater distance from the concave mirror. 
The nearer the object is to the mirror, the further these points will be 
itOTa it, and an inverted image of the object will be formed in them, 
vbioh will seem to hang pendant in tbe air, and will be seen by an eve 
placed beyond it (with regard to tbe mirror), in all respects like the 
object, and as distinct as the object itself. No. 2. (Fig. 271.) 



FlR. 1' 



t8theot(lect,BTt;icrel 



dndiculu' to the 

■ "rajs flowtoK 

point bejond 



Tteon";^ * nnd B, UiP eitremilit 
the Unei c b vid c x, which ms 

from A, ThoaA TjiTH pTDCeedlflir fyom a point bi 
the flKUfl of ponlle] niyH, will, after reflw.'tlaii, 
Ttt^ tovardfl tome point on tbp oppaiitfl Bide nf tne 
centre, whieh wiU tkU npoa the perpendicular, ■ c, pn> 
^ced. bnt at il ^renter diitBnce tVom o tbui tbe ndlint 
t. bum whldi thej dlieiged. For Cha ume rtawm, 
tBTB flowliiK from ■ wQl eoDTem to ■ polDl In the 
peipendioofir a optodiu»*,i"Wcn>hiiaiisftirtlieilhno 
o t£an the ntdknt b, from whtace It l> eildenC thit tb» 
- "-laoB I u ii lurnr then the olject i. a, that it lUli aa. 

ha CD=(ro« ride of the cenOc. and that tbeii poiiUoni 

re Ibtetted with fopccC to each other. 




c.r 



ot llH InTQlal and reSsdnl b 



vuiitheiueafea 
specok, as almiiT de 
pigs aSi. He effeci- 
be produced wiih the ud4 

MTe, becaase thej an 
neiEi; mndned to tlie 1 
tioD of inanimate objeoli 
Kfe ood motioD caA 1m 
displaTcd bj them; 
plfM% himself d 

Um firw it tlua iti'ei 
' T nxKSTitj, he wiD ■ 
" Tcrtrd image 
■ir between tu 

or n Icaa ahe than himself; and if he bold oat hia hand tow] 
mirrnr the hnnd of the im^e niil come oat towards bjs b 
P ooboidt) with it, being of an equal bulk when hb hand bin 
■^ COncavitT, uid he will im^ine he maj shake hands with his I 
mma. S73.) I 

B Bjusiugalftrgeconcaveniirrorotabont three feet in diameter, thc^ 
Km* cunbbd tn ahow all the resalls to a large aadicnce that « 
^llj viiible to due person only. Whilst esperimenting with a 
felttnr, hj holding out the band in the maimer deseribed, a b; 
_ Mil aw rotliiuK of the image, becaase noiie of the reflected r 
P^ni it imliir IiIh fwr-t. This circnniBtance is well Ulnstratcd t 
the fire, and aliowiiig the image of thf 

S<'i<>'t<<l liiiiii il In r»U upoti a well-poliahed mahoganj table. 
Ill' ,.i (lie ii..:iii Lipi 111 inwards the mirror, and a spectator nnaeq" 
|in'yiri(uN iif ngncavo mirran ahonld enter the apartnn 
rould liii K'^'^'''y startled to see flames apparent!; playii 
f (HthM o( tho tnhlo, whilst another spectator might ente 
a uu) loe UOtliing but a long beam of light, rendered V 
Ing pMlirlea of dust. To gire proper effect to this q 
ImI III* MUWTfl mirror should be larB:e, and no other light! 
JiviwiMtIt itw rwiii HXceiit that from the nre. 
V>w Uw »MUO {HilisheJ tublc the appearance of a planet « 



ILLXIBIONS VITB CONCAVE UIRBORB, 

tohing satellite maj be prettily ahoim by dartcning the fire with a 
screen, and placing a lighted candle before it, which. w3l be reflected bj 
the concave mirror, aniT appear on the table as a brilliant star of light, 
lad the satellite ma; be represented by tbe flame of a snAll wax taper 
noved around the large biimitig candle. The following is the arrange- 
ment used by tbe author at the Polytechnic Institution for the purpose 
of eihibiting the properties af the concave mirror. A lantern enclosiof; 
svery brilliant light, such as the electric or lime light, is required for 
the ulnmination of the objects which are to be projected on to the 
KXBv, The lautem and electric lamp of Dnboscq was preferred, 
although, of course, any bright Ibbt enclosed in a boi, with a plain 
GOnvei lens to project the beam of light when required, will answer the 
paipose. {Fig. 274,) 




bunlehilfniUof 



By removing the diaphragm required to project the picture of the 
diarcnal points on to the screen, a very intense beam ot light is ob- 
tained, waich may be focusscd or concentrated on any opaque object 
by another double convex lens, conveniently mounted with a telescope 
stand, BO that it may be raised or lowered at pleasure. Tliis lens is 
independent of the kntern, and may he used or not at the pleasure of 
the operator. 

The object is now placed on a shelf fo:ed to the screen, with a 
square aperture just above it. The object of the screen is to cut off all 
extraneous rays fff light reflected from the mirror, or ' ' " 

sharpness of the outline of tlic picture of the object. 
object being arrangal, and llie light thrown on from the lantern, the 
' next step is to adjust the concave mirror, and by moving it towards the 





The ict of fining the bottle with \nter, or better still with mercnry, 
is caie of the mmt singnkr effects that caji be ahown ; and if all ine 
^iparatos is enclosed in a boi, so that the picture on the screen onl; b 
l^iparent, the iliosion of a bottle bdng filled in an Enrerted position a 
quite magical, aod inTariabl; proTokes tbe inqoii;, bov am it be done? 
The stud; of nnmisniatics, the sdenee of cobs ajid medals, is genKnlly 
considered to be limited to tbe taste of a yerj few persona, and anr 
description of a coUection of coins at a lecture would be voted a gttst 
bore, unless, of course, the membere of the aodience happened to be 
antiquaries ; gr^at light, however, maj be thrown on history bj a studr 
of these interesting remains of bjBone times, and a lecture on this 
subject, iiluatrated with pictures of coins thrown on to the disc bj a 
concare mirror in tbe mumer described, might be made vei; pleasmg 
and instructive. 

Coins, or plaster casts of coins ffill, flowers, birds, white mice, th« 
human face and hands, maj all, when fullj illominatcd, be reflected bj 
the coooato mirror on to the disc. A Daguerreotyjie picture at * 
certain angle appears, when reflected b; the concaic mirror, to be lika 
taj ordinary collodion nerative, and all the liehts and shadows are 
Ifivancd, ao that the face ol the portrait appears alack, whilst the blact 
coat is white. On placing tbe mguerTeotype in another position, easily 
found bj experiment, it is now reflected in the ordinary manner, showing 
an enlarged and perfect portrait on the disc. In nsing the Daeuerreo- 
Ijpo the glass in front of it must be removed. The pictures from the 
euncavo mirror umy be also projected ou thich smoKe procured from 



BZPEBIHEIIl^ ITITH UIBSOBS. 

imaDldering damped brown paper, or from aoikture of pitch and a Utile 

oMorate of potasu Iiud on paperj and allowed to bum slowlj by wetting 

itvilb water. 

An imnge reflected bam smoke would be visible to a number of 

[ ■peotstoTs, just 33 the Uglit from the furnace liiea of the locomotive is 

' £eqnentlj Tisible at nigbt, being reflected on the escaping oolttmn of 

' Bteam. 

It Tos probably with the help of some kind of smoke and the concave 
speoulum that the deception practised on the worshippers at the temple 
of Hercules at Tyro was earned out, as it is mentioned by Pliny that a 
©onsecrated stone existed there " from which the gods easily rose." 
At the temjile of Eaoulapiua at Tarsus, aiid that of Enguinum m Sicily, 
"the same kind of optical delusious were exhibited as a portion of the 
Ions ceremonies, from which no doubt the priests oht^cd a very 
— __ jorae revenue, much more than could be obtained in modem times 
l>j the mere exhibition of such wonders at Adelaide Galleries, Foly- 
't^echnics, or Panopticons. 

The smoke from b^o^Tn paper is very useful in showing the various 
directions of the rays of light wlien reflected from plane, convei, and 
concave surfaces. The equal angles of the incident and reflected rays 
xnaj be jierfectlj shown by using the next arrangement of apparatus. 
(*ig. 376.) 




Pfein of Inddng-gliii. 1 



I A very dense white smoke is obtained by boiling in separate flasks 
I (the necks of which are brought close together) solutions of ammonia 
■nd hydrochloric acid. 

The opposite projierties of convex and concave mirrors — the former 
Bcattering and the latter collecting tiic rays of light which fall upon 
Uiem— are also effectively demonstrated by tlie hel^ al Uia v^ti^^ ^'aoor 



I 




Ttf.iTJ. Tbc (Doke iliawi Uio ran otUi;ht IWing on a convu mirror, uidreiulind 

The BmoVe dcYclopes the cone of rays reflected from a conw" 
mitror in the most oeautiful rnumer, and bj producing ;' '" 




p. And toming the mirror about— the position of the toona (focus, a 
bee), is indicated hy a brilliant spot of ligbt, and tlie reason the 
n of objects reflected bj the coneave mirror are reversed, maj be 
t understood bj observing how the rajs crosa each other at that 
, (Fig. 278.) 

e of the most perfect applioationa of the reflection of light is 
6 in the " Gregorian reflecting telescope," or in that mamufleent 
Unent constructed bj Lord Kosse, at Parsonstown, i 



nagniEcent 




- Lord ROBUe'i ^)gaiit]ii t^Ie^oopc. 

%e deacriptioQ of nearly nil elaborate optical instruments ia some- 
It tedious, bat ne ventare to give one diagram, with the explana- 
lof the Gregorian reflecting teleacope. (Tig. 280.) 
8 the bottom of the great tube tut, (Fig. 280), is placed the 
p concave mirror s d y f, whose principal focns is at U ; and in its 
ttle is D round hole p, opposite to whioli is placed the small mirror 
■e towards tlie greater one, and so fixed to a strong wire m, that 
IT he moTcd farther from the great mirror or nearer to it. by means 
V ou the outside of the lube, keeping its axis slil in the 
n with that of the grcut ouc- Kow since ia viewing a 
iraote object we can scarcely sec a point of it but what is at least 
.. id u the great mirror, we may consider the rajs of each peneil, 
Ik flow from every point of the object, to be parallel to each other. 



sot's piatbooe or hciekor 



md to cover the whole reflecting surface t> v \ V. But to avoid coufusim 
D the figure, we shall onl; draw two rajs of ti pencil flowing from each 




Fig, MO. TheGreBOri«n reflMtlBgtelosaipi). 

eitremity of the object into the great tube, and trace their progress 
through all their refleotiona aiid refractions to the eje f, at the end ut 
the small tube 1 1, which is joiucd to the great one. 

Let ua then suppose the object a a to be at aoch a distance, that the 
rajs £ flow from its lower estremity b, and the raja c from its upper 
estremitj a. Then the raya c falling parallel upon the great mirror tA 
D, will be thence reflected by converging in the ditectioa D g ; and bj 
crossing at i in the principal focus of the mirror, the; will form Uie 
upper extremity i of the inverted image i k, aimilar to the lower eitre- 
nutj B of the object a b ; and passing on the concave mirror l (iflioie 
focus is at n) they will fall upon it at g and be thence reflected, con- 
verging in the direction N, because g m la longer thaa g n ; and possh^ 
through the hole p in the large mirror, they would meet somevbeni 
about r, and form the lower eitremity d of the erect image a d, siiailir 
to the lower extremity B of the object a B. But by passing throuek 
the plano-convex glass k in their way they form that extremity of toe 
image at b. In like manner the rays E which come from the top of flu 
object A B and fall parallel upon the great mirror at i, are thence re- 
flected convei^ing to its focus, where thej form the lower extremity k of 
the inverted image i K, similar to the upper extremity a, of lie objoet 
A B ; and passing on to the smaller mirror l and falling upon it ^ bi 
they are thence reflected in the convErginff state h ; and gouig on 
through the hole p of the great mirror, they wovdd meet somewliMe 
about q, and form there the upper extremity a uf the erect image a i, 
similar to the upper extremity a of the object a B ; but by paaaing | 
through the convex glass b in tlieir way, they meet and cross sooner, u 
at a, where that point of the erect image is formed. The lilie bung 
understood of all those rays which flow iram the intermediate points w 
the object, between a and b, and enter tlie tube t t, all the intermedial* 
points of the image between a and b will be formed ; aud the raj» 
passing on from the imaee thrOQ=h the eye-glass a, and through a amull 
hole e~iii the end of the leaser tube 1 1, they enter the eye f which sees 
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image a d (b; means of the e;fe-glass), under tbe lai^ angle 

. . ^ , multiply the focal 

of tbe great mirror b; the distance of tiie small mirror, frotn 
image neit the eje, and moltiplj the focal distance of the small 
Ror br the focal disUnce of the eve-glass ; then divide the product 
the latter, aad the qaotient will express tbe magnilying jmwer. 
■ 280.) 

e now come to tbat much disputed and often quoted experiment of 
Khimedes, who is stated to bave employed metallic concate specula or 
le other reflecting surface bj which he was enabled to set nre to the 
man fleet anchored in the harbour of Syracuse, and at that time be- 
King their city, in which the great and learned philosopher was shut up 
til the other inhabitants. The story handed down to posterity was not 
iputEd till about tbe seventeenth century, when Descartes boldly 
ked the truth of it on philosophical grounds, and for the time 
xd those who supported the veracity of this ancient iToe Miller. 
Birl; a hundred years after this time, the ne°;lected Archimedes fletion 
ined by the celebrated naturalist Buflon, and the account 
Qts detailed by the author of "Adeersoria," in Chambers' 
I(»mal,)a so logical and conclusive, that we give a portion of it verbatim. 
! years prior to 17i7, the French naturalist Buffon bad 
^ ^ 1 in tbe prosecution of those researches upon heat which 
e afterwards published in the first volume of the Supplement to his 
Natural History.' Without any previous knowledge, as it would 




of the m^hematical treatise of Anthemius (jmai i 

which a similar invention of the sixth centory i 



de- 



• BuiTon was led, in spite of the reasonirigs of Descartes, 
Delude that a speculum or series of specula might be constructed 
iMdent to obtain results little, if at all, inferior to those attributed to 
a inrention of Arcliimedea. 
J "This, after encountering loany difliculties, which he had foreseen 
itth great acuteness, and obviated with equal ingenuity, he at length 
•"""""■^ ■n effecting. In tbe springof 1747, belaid before the French 

^ .. memoir which, in his collECted works, extends over upwards 

( eighty pages. In this paper, he describes himself as in pMsesainn o£ 

Tatus by means of which he could set flre to planks at the distance 

and even 210 feet, and melt metals and metallic minerals at 
s varying from twenty-five to forty feet. This apparatus he 
B as composed of 16S plcun glasses, silvered on the back, each 
[ inches broad by eight inches long. These, he says, were ranged in 
luge wooden frame, at iotervals not exceeding the third of an inch ; 
%at, by means of an adjustment behind, each should he moveable in 
directions independently of the rest — the spaces between the glasses 
Bg further of use iu allowing llie o^ieralor to see from behmd the 
Dl ou which it behoved the various disks to be converged. 

• See aibbua'i ' Ptdiae and rail," dup. xl., lectioa v., mito g. 
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"These KsslU uccrtaiucd, BulToii's next mquir; was iiair far tht 
nesponded iriUi Ihosc asonbed lo the mirrors of Arcbimcdes— tb 
it putioulu- aocount of which is given bj Iho historians Zomuas m 



rror, hj tl. 
i, kindled i 



^^^^Jl^■^>^^ uul polish of which thej were reflected and , 

fllmr in the air, and darted it with full fiolence on the ships ffhicli 
•ere anchored within a certaiu distance, and which were socordini^ 
ttdneed to ashes.' The same Zooaras rebtea that Proclos, a celebratM 
Bwthematiciau of the sixth ccaturj, nt the siege of Constantinople ^ 
on Cm tbe Throciau fleet bj mcaos of brass mirrota, Tielaes is rtt 
mare particular. He tells as that when the Roa^on gallcjs were wiuin 
a bow-^t of the citj-walls, Arcliiuiedea caused a kind of beugomd 
n>ecutum, with other smaller ones of twentj-four facets each, to be 
placed at a proper dist&nce ; tliat he moved these b; means of bisgts 
ami plates of metal i that the heiogou was bisected by 'the meridian <il 
nuuner and winter;' that it was placed opposite the son; and Ikl 
great fire was thus liiadted, wbieh cousumed the Roman fleet. | 

"From these accounts, we ma; conchide that the mirrors of Arclumeda i 
and Bttffon were not xeij different either in their construction or efftett- 
No question, therefore, could remain of the latter baring revived otutf 
tbe most beautiful inrcntions of former times, were there not otie ci^ 
curustance which still renders the antiquity of it doubtful : the wrilos [ 
contanporar; with Archimedes, or nearest his time, make no mtadm 
of these mirrors. Livy, who is so fond of the marvellous, and Po]J^lilIS^ 
whose accitnic; so great an invention could scared; hare escaped, u° 
altoffetber silent ou the subject. Plutarch, who has collecled so mmv 
particulars relative to Archimedes, speaks no more of it tlian tbe kmK 
two; and Galen, who lived in the second ceuturr, is the flrst writer bi 
whom we tind it mentioned. It is, however, difficult to conceive ho* 
the notion of such mirrors having ever existed could have oeoiUTEd," 
the; never had been actuaUj employed. Tbe idea is greatly abate IIh 
rench of those minds wliich are usually occupied in inventing falsehiwia; 
and if the mirrors of Archimedes are a fiction, it must be granted tbl 
ihct are the Action of a philosopher." 

Supposing that Archimedes really did project the concentrated n'p 
o( the son on the Roman vesseb, one cannot help pitying the ignoBnW 
of the Admiral Marcellua. Had this olQcer been acqiiniuted with w 
laws of the refiectioa of light, he might have laughed to scom W 
power of Archimedes, and by receiving the nnfriendly rajs on one w 
tbe bright brazen cuniex shields of his soldiers, Marcellus could Iw<e 
scattered the concentrated rajs, and prevented tbe burning of fc 

In tliesc days of learning it therefore appears strange to find any V 
adrocating the possible use of specula or reflecting mirrorB for *^ 
purposes of offence or defence, but M. Fcyrard a few years ago pnx 

• Qootgd b;Fibi{i.-lu>inbli"U1i]iDltLGiiie," toL U., iip. HI, fA 
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ta produce grea,! effects b; mouaUn^ each mirror ia » distinct fnast, 
pie a telescope so that one person could direct Uie njs lo llw 
l^nlended to be set on Sre, and he ^lelj calculated, presomii^ 
Ijpiorance of the allacked, that with 59D ghosts of aboat twenty 
tt diameter, he couid reduce a fleet to aihes at the distance of 
a a(a lea^e ! and nith glasses of double that sue at the di»- 
■We of hair a mile ! What effect a shell or shot would prodace npon 
'pi uiGient weapon is not stated ; this we tnaj safci; leare oar readras 
ndelennine for themselves. The experiment of Archimedes has ioag 
' — a favourite one with the boja. (Fig. 3Si.) 




!nia total intcind reflection of light bv a colmnn of water is an ex- 
it that admits of great variety so far as colour is concerned, and 
one of the moat dotcI and beautiful experiments with light presented 
the public withm the last few jeaia. The author had the pleasure 
introdudng it in the first place at tbe Foljtecliiuc Institution, where 
6 optical novelty excited the greatest attention, and received the 
pnbatioa of her Most Gracious Majesty, and his RojaJ Highneaa 
S frince Consort, with the Rojal Furaily, who were pleased to pay a 
^—Snte evening visit to the Folytechme, and amongst other ttinga 
bnitely eiammcd the "Illuminated Cascade," which had been ereoted 
f Mods. Duboscq of Paris. 

The illumination of the descending columns of water 
ing the mys from a powerful electric light upon 




S94 sot's futbook or i^fnmjK 

vliicli the witer eHaped, the DnboMq lantan alreadj explained befog 
enploTed, and b ^dI of it were pbced three cjlimlen, eacli fatniig i 
dtcnlar window behind ud oppceite the lens, and an aperture of Aost 
one inch in diuneter (ki the opposite side for the escape of vater. Hm 




rig. »».—«?. L i. TTiB 
tut«r1L ■ > O' Tbe Ihrte cjiujam ui WSHT» eacn wiui ■ nrciuxr gHH vmoD" -3 
0(ifiM«««»*tfroinwliiclilhe wileruid ran of lirtit p«MaBt— Hg.S. m. BecW"' 
one lid* of tbe PaboHq linUnL i ^ Cjundrr 4J nlfr, whidi aitcn from wD]'- 
K li Tb8 itmrn of iUDminited mta. i. i~ Ut of caloDnd (laii hdd IntwtB f* 
taoUniudlbldlttrnif wmter. 1 

lantern nud was of a peculiar shape, and had three sides, the electric 
light being in the centre of them, and passing throngh three septu*^ 
phrao-convoi lenses to the three cylinders from which the water cached. 
Attention mny be directed to the fact that the light merely pasM- 
out of tho oriflcos as a diveipng beam of light until the flow of water 
eommenONi «tiea the rajs are immediatdj taken vf and reflected fon 



Krinl to poiot inside tbearcbed colamn of watcr,and iUumiimtingthe ktter 

■ the most lorelj inajuier, it appears sometimes like a stream of liquid 

Ktnl from the iron furnace, or like liquid nib^ gla^Si or of an anietajst 

r topaz colour, accordiae to the colours ol the plates of glaaa held 

Vtweea the mouths of the lantern and the circular windows in tha 

Ijlinders of water. The same experi- 

Bent created quite a farare at the 

iijetal Faloee when it was introduced 

II Due of the author's lectures deli- 

ered in that noble place of aiiiuae- 

lent. In order that out readers may 

mderstand the arrangement of (he 

ppftratua, ve hare given at page S91 

' ground plan view of it, as also the 

ppearaace of the cascade when exhi- 

ited at the Polytechnic to the Royal 

prty. (Fig. 2S4.) 
Another curious effect obaerved with 

be illuraioated cascade, b the descent 

f balls of light as the reflcctiou is cut 

ff for a moment bj passing the 

nger throagh the stream of water, 

iioTin}; that a certain time is occupied 
I the reileetion of U^lit from one end 
[ the cjlinder of water to the other; 

deed the best idea of the rationaU ^ _. _ 

'flie Btperiment ia formed h J Bubati- gJ^Hon^l^ !'°"°^ 
rting in imagination a silver tube ugi,(p> 

B^hly polished in the interior, for the 

descenfing jet of water. The reflection of sou 

in the same manner, and the vibrations of the air 

'concave, and couvei surfaces. It is on this prin< 

thrown off irom different surfaces (as of hard re 

of the echo. The sounds arrive at the car m succession, those reflected 

nearest the ear being first, and the reflecting surfaces at the greatest 

distsnce sending the waves of sound to the ear after the former. At 

iLnrley Falls on the Rhine, there is an echo which repeats seventeen 

f*i WhiBpering galleries, again, illustrate tlie reflection of sound 

lontinuoos curved surfaces, just as the arched column of water 
\a from its interior curved surfaces the rajs of light, 
tkiog-tubes are well known in which the waves of sound are 
sivelV reflected from tha sides, eiactlj like the "Illaminated 
le" (Fig, 233). The sneaking-trumpet ia also another and fami^ar 
'e of the same principle. Frobabl; when Albertus Magnus coa- 
d the brazcu head, which had the power of talking, it was nothing 
lao a metallic head with a few wheels and citible mechanisai 
ide, but connected with a lower apartment bv a hollow metal tube, 
Albertus Magnus descended, and astonished the ignorant with 




r onJj two n-ja of Uu bsim of 

und takes place precisely 
ire reflected from plane, 
iplc that waves of sound 
ts), produce the effect 




If tliis article on lis;lit and oplics liad gone mimitelj into the matbe- 
matic^ and purely scientific portiim of tLe subject, wc sboold have bad 
frequent occasion to mention the name of Sir David Brewster, a diS' 
tinguisbed philosopher, whose name is peculiarij identified with this 
interesting branch of plijsics. It is aliva^s pleasing to find men of sncii 
standing not onlj devoting themselves to arguments whicli college 
wranglers would study with pleasure, hut also descendin" to a bwsr 
level, and inventing optical instiu meats that delight and auiuse the 
nou'scieutific and iuvenile part of the community. The names of Sir 
David Brewster and Professor Wlieatslone have oeen connected during 
the last few jears with the invention of tlie stereoscope, an instrumciit 



e noliced la anotlier p^ «( tkia book, hut here ne shall 
B'descritie one of the most original optica! instrumcata ever devised, and 
[■jdthoush it is now legardefl as a mere toy, its merits are verj great. 
I He title of the instrument is borrowed from Ihe Greek imAot, heautifol, 
I tJSos, a form or appearance, irtojnai, to see ; and the public certainJj 
endorsed the name when Ihej purchased 200,000 of these instru- 
~ its in London and Paris during the space of three months. It is 
1 that the sensation it excited ia London, throughout all ranks 
he communit.;, was astonishing, and people were everywhere seen, 
1 at the corners of the streets, looking through the kaleidoacopo. 
essential parts of tlus instruoient are two mirrors of unsilvered 
C puallel glass, or ^late glass painted black on one side, which 
Jd oe from sis to ten inches iu length, and from one inch to an inch 
ft llatf in breadth nt the object end, while they are made narrower 
'la other end, to which the eye b applied. The mirrors are united 
it Lower edges b*r a strip of black calico fixed with common glue, 
, _o left open at the upper edges, and retained at the proper angle 
R Ut of eork properly blaekencd. The angles arc 36% 30°, 25% 
1,80°, 18°, which divide tlie circumference into 10, 12, 14, 16, 18, 
I, thus 36 X 10 = 360, or 18 x SO = 360, and the strictest 
PiUttatbn niQst be paid to this part of the adjustment, or the figures 
' E symmetrical. After the mirrors are adjusted to 
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thf pKiper Mgle, the space between the two upper edges shoiJd ta 
CoTcred across with bkck velvet acd tlic mirrors placed in a tin ir 
bns5 Inbe, so that the broad ends shall barely project bejood 3 
end, while the tmrrow end is placed so that tbo acgle formed b; th 
iimetioii of the mirrors shall be a little below the middle of that end d Mm 
tube. A. cover with a citciilar aperture in the centre is then to be fitblfl 
to the nanow end of the mirrors, nhich should )□ general be fnmishelfl 
with a eoDiex lens whose focal length ia an inch or two greatertlr" 
the len^h of the mirrors. A case for holding the objects, and for Mi 
mtmiGUing to them a revolving motion, is Stted to the o^ect end of llu 
tabe. The objects beat soitea for produciDg pleasing effects are smll _ 
fiagmentsof coloured daas.wirea of glass, both spun and twisted, Miiof 
difurent colours and shades of colours, and of various shapes, in cotrej, 
Mgles, drclea ; also, beads, bagles, Gas needles, small pieces otlBce,iuid 
frwueutA of fine sea-weed are very beautiful. M. Sturm, of Prague, In* 
latdj fixed the images of the kaleidoscope, so that thejare available for tbe 
production of patterns in eveij branch of silk, cotton, and mixed Sxbna. 
Photographs could be taken of the most beautiful of these acdden'sl 
designs, which onl; occur once, and if not copied are lost. 



CHAPTER X5IL 



This term appears to be often confounded with that of reflection, fiA 
signifies the bending or breaking back of a laj of light (re, back, lud 
fimtgo, to break) ; and it will be remembered that when li^ht falls ^ 
the surface of a solid (cither Lquid or gaseous) body, it may be re&cUd 
(re, back, and /o:/o, to bend), refracted, polarized, or absorbed. In <-^ 
previous chapter the property of the reflection of light has been foUj 
investigated, and ia Uiis one refractioii oidy will be considered. It '^ 
a ptopertj which has been, and will continue to be, of the greslc' 
practical utility in its application to the construction of all uiagnifjii'E | 
riasscs, whether belougiie to the telescope, microscope, magic lautem,w 
ue dissolving views ; or the minor refracting instruments — sucb as sp«- 
tades, opera-glasses, &c.; and it should be remembered that tW 
muii^iiig power depends solely on the property of refraction. 

IT substances such as glass had not been endowed with this propertj, 
it would be difficult to imdcrstand how the great discoveries in tw 
science of astronomy could have been mode, or what information «0 
coold have gained respecting tiiose iuteresting truths so constantlj 
revealed bj the aid of the microscope. Hmnerous instances might be 
quoted of the value of this latter instrument in the detection of 
ailulteration, and the eiamination of organic slnictares. When so 
sisny talented and industrious scientific men are at work with thii 






LQ favour of Professor Ehrenberg.ofJJerlin, whose 
id service in procuring undeniable proof of the 
les' fraud; helias mode use of it again to detect the tliicf that 
barrel of specie, which had been purloined on one of the 
3. One ot a number of barrels, tiiat should have contained 
aa found on arrival at its destination to have been emptied of its 
B contents, and refilled wilii sand. On Professor Ehreoberg 
onsulted, he aent for samples of sand from all the stations along 
erent lines of railway that the apeoie bad passed, and by means 
nieroacope identified the station from which the sand must liavo 
ikeiL The station once discovered, it was not difficult to hit 
le cniprit in the small number ot employii on dutj there, 
simplest cose of refraction occurs in tracing the course of a. rajf 
t through the air, and into the medium water; in this case it 
Irma a rare to a dense me- 
ind the loot itself is well il- 
^ bj the next diagram, in 
the shaded portion repre- 

ater, and the paper that it 
ra upon the air. The line 
. perpendicular raj of light, 
:>B3se9 straight from tbe air 
d throngh the water, willi- I 
ng changed in its direction. I 
ec&isanothecTaj.inclined I 
le perpendicular, and enter* I 

water at an angle, does not t n 

i the straight line indicated j\g, ^sa, 

idotted line, but is refracted 
\ towards the perpcndicniar at r e, 
I fact rednoed to the brevitv ot soientiEo laws is thus e:!pri 
D raj of light falb perpenSicularlj on a refracting surfaci 
Iwwnrt OBJ' re/raclion or change of direction. Wnen ligl 
la rare into a dense medium, as from air into water, (fo 




f, and the angle of incidence is smaller than the angle of Tt- 

rder to illustrate these laws, a zinc-worker or tinman may con- 
{& little tank, with glass windows in the front and sides, the 
_, IS deep as the half-eirele described on the back metal plate 
:, which of course rises higher, in order to show the full 
this should bo japanned white, and a perpendicular and hori- 
iilttck line deseribed upon it — the whole, with the exception of 
"e, being japanned black. If the Duboscq lantern is arranged 
|.j little mirror, as desoribed in fig, 27G, page 387, the ray of 
Lj be thrown perpendicularly, or at an angle, through the water. 
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uid the aclnsl breaUng back \>{ the ra; of light is rendeied (liltiiiEt]; 
apparent. (Fig. 287.) 




The reEraction of light k also well displayed by Duboscq's apparatus, 
with the plano-oonvei lens, and a brass arrow as an object, with another ' 
double convex, lens to focna it. When a good sharp outlice of the 
arrow is obtained on the disc, a portion of the rays of li§;ht producing it 
maj then be truly broken out or refracted by laying across the brass 
arrow a square b&r of plate glass. (Fig. 383). 




Tig. isa. A. Kn> of light from Uu t 
cut out. 0. The bu of plaU gUus. D. 
aa the diic, lod portion rel^icitd at ■. 

There are many simple ways in which the refraction of light is dis- 
played, such as the anparent breaking of an oar where it enters the 
water, or the remarkable manner in which the bottom is lifted up when 
we look, at any angle, through tbe clear water of a deep river or lake ; 
the Utter circumstance has uubappily led to most serious ara^ents, is 
consequence of children bebg induced by the apparent sbtJlownesi of 
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irater to get in and bathe. Fish, again, unless aeen perpendioiiiftrly 

I a boat, olwaja appear nearer llian tlieir true position, and the 
ans, when they spear fish, always take care to strike aa near the 
endicular as possible; eiperienced shots know they must aim a 
! lower and nearer than tbe apparent position of a Qsh iii order to 
t. 

avin^ leamt that li{;ht is bent from its coarse, it mig'ht be supposed 
all ODJeots looked at through plate glass should appear distorted; 
it must be remembered that the sides of the glass being nearl^r 
Uel, an equal amount of refraction occurs in e?cry direction — so 
, unless the window is glazed with uneven wavy glass, the object, 

II practical purposes, does not apparently change its position, being 
icr moved to the ripht or the left, or upward or downward. In 
c to bend the rays at light in the required direction, the glass must 
It into certain figures caSed prisms, plane glasses, spheres, and lenses, 
I of -ffliich are ahawn in tlte annexed cut. (Fig. So9.) 




VDald be tedious to trace out, bj a. regular series of diagrams, the 
fie of light througli the variety of combinations of ' 
■ 1, convex, and concave 



tho^^^ 



!>■ 



i to again with „ 

influence in retracting light. 

le latter it mil be found that 

ex and concave lenses have 

the opposite properties of l'iE.2eo. xb. Adnnble coniexlem. elm 

)rs ; t£is, a convex lens re- TuhSirS.''™ .?^h.'H'^'^"^'; T ' l' 
' .,' . ... and Ibereiore pauH ou Atraigbt to j, tbe foonH. 

ng parallel rays will eau^c an, Bi^&uingikt uiimgieoD i.b, nrtutsd 
I lo converge to a focus, lofo™'.'- 

. 290.) The case of shortsiffhled persons arises from too great a 
BXity of the eye, which makes a very near focus; and that of old 
|o isB flattening of tbe eye, by which the focus is thrown to a greatec 
noe. The remedy for the latter is a convex spectacle-glass, whilst 
leave lens is requited for the former, to scatter the rajs and pre- 
Uidr cooling to a point too si 









of a ooncave le- 
is again the op- 
posise to a ooocaTe reflectiiig 
soriaoe — t^ fonner disperses 
xheivES of lights vbikt the ktter 
coDecas tiieflL A concave kns, 
as v^ktt be expected, produces 
esBail& 1^ oootniy dfect on 
lis^ tt» linifc of a coDcave mitior. 

Tiiew Us are wdl shown 
1^ aid of tbe lantern and 

(tatricl^^ Theiajsofliglit 

~ Ob a coBcafe or oonTS 

B en^ikijedt as in the minor 




:f^^bs. «. 






be£ieik^ 
of tkeof 
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aoB cf ar shut nw. ^minM 
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tm. m boMd, nde bf nit, aad if ktpt |nnl]el inth ocb other, Uu i 
orIm ef S^ Ikraan from ik two hntems voolii not coincide mj 
tte MtecB i A m tbcfcfnc attasan to place one of them i 
vftici viB nrf aeeatAdg lo the Aatance (roie the screen. 
rf—_tiiC ihr tvQ didcs of l^t oveiiap each other precisely on th 
dbt; a c^ed enlcnM ILe bidcns, uid is the Gist thing thit mu , 
be UltiAd tofafaccaitiliDglhc slides. Tbeslidesfor the diaacilviiig 
Ti«i« ue ifl pMBtcd of (!« Mme aiie, and supposing » scene such u a 
ckncfc widi a briU fmeesnOB and the trees m f ull Maf^ to tepnsnt 
vnuMt, If Int tkrowB on to the Hat, it maj be changS to winler b; 
PHlting MOthCT nctoic Ef the mne mbject, but painted to lepmnt 
bae traa, lad ue dnidt and gnnuid coicred with snow, and a guts 
cf^ with a fona^ pHMxaBon. The two pictores most not he pro- 
jected OB the aoeen at the nme time, and here the diisaln^ 
■webHOm it nqniRd ; it eouxisis of two lans so anaogcd thit 
IhcT m^ be niaed vt lowered \tj a rack-work and iumdle; one fu 
in "*'M™<'"e coTCfs one of the nozdes of the lantcms, and the olhu 
]csns the Eeccmd lantern open, and free to project the picture; the 
iliwiiliiiifc ia managed bj siowlj moriiie the baodlc of the nck-work, 
so that one ouarter of the picture alrca^ on the disc is cat off, nnd one 
qurter o( the new one thrown on. As the movement proceeds, one 
half of the old picture is shut oat, and one half of the new shde 1^^ 
its pbc^ and M> on, till the whole of the original picture is cut off !>; 
the fan aitd the new one comes into view, audit is u tUa wajtbee3e(^ 
of the dmge fivm sominer to winter ia produced. (Tig. 394.) 




I oieut 



Fig-IW. 



When two pictures such as those already described, dissolve one into 
the other, of course the same building or other marked portion of the 
subject, must strictl; coincide ia each picture on the disc, or else the 
two pictures arc npparent, and (he illusion is destroyed, Tlie pictures 
must all bo centered before the exhibition commences. Bj the Mrange- 
oieut of Mens. Duboseq, one electric light serves to iilummate both lut' 
terns bjmakingvse of mirrors. The dissolving appu'iinis is likewise Tuj 



TUX DISBOLTtSO TIEW8, 

and consists of two itiamoiul-alisped openioK* (Bab 

pen and shot altenuilel; b; a tlide worked witb ■ haadU. tkt 

ight is not lo be rccommeluieti, M it i« if '—' " — "■' '" 

properly. (Fig. 39S.) 





^^^Mig liewB ve nqniied on a gnnd scale, the kote* Mut 
^^BliqK 1^ Ue (OMkMcr (ooneapoBiliiw villi tlie ^ tMlTB. 
lPiB|kB^b^(n) duwU beat leut aue or derm iMhca 
id^ M tbe IroHt dsHCi moit be a( « nmenor make, The 
Ira Ine laaliin lit br tk oxj-brdroeea Edit, ve irr aa grf 



fll3K 



■. I. n* kae lifU. I. TV nmdauRL c Thi picUnT. d >, TV frc 



>BT >^ift«iii Ibc inlboc kail no less tbut si\ lanUn* witiiig 
hiMna ^■etiroclo pr«duc<c effi^is, in ihc views illnslntiaK 



it, itm-inr '111 Hntiii^ iiItIii iiliill , Hi .flu Iiiiii iwili 
ftoat* of wludi ■!« ibm a liie ii£xi mil piii liWwii iMhjiil I 
two upper Imlena m SiBnHred bv &ecs nT Ibbb wotaltytke H 
■ad llie bvcc odo wiHi tin fans. iFie. ffilT.) 




IKr Wu IVwH of tbt row luiUru, ehowing hi 



" IWJiki) ihf »(OT10»" alwnjs haa a great attraction for joimg people;* 
ktv>,iS<n>l'>ii'ei ill ihc frontispiece, with tie belpofMr.Hine (whopai 
. ,,i,,uinT<if tliophntographsshown at tnePolvteclmic dntini 
-.iLajp-niwilt. civcn a section of the lai^ theatre taken « 
< . IHVT1C ft liio SJego of Delhi vas in progress. The opi 
, :i>'Uli>i1 1'v viLTious soiuids in imitation of itbt's alBiniB,W _ 
i;. . ; I'.M'li. more valuHleert than were required ifiHU" 

pui 'iiidlhe screen, and prodoce 1 hose terrific sonn^ 

iV. niivnus tcmpcmment said were really stnnWOE- 

I. , .,..:. iiL' niso given a correct drawing of the ioterioj 

,, ,.,,.„, i.oi .11 il.i' l'i>lyteclmic, with the four filed lanteni3,«w_ 
..,1, ,-;i.;>-nt« li'li-J.i (lif filasa pictures. The four lanterns worked fl 
, *'»v «iiK*K«'i>midncircnhirtum-tablej tiiey couldberomoW" 
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) pHyatoscoFE. 



HL Tit Oxy-Hijirogea Microseajie. 



J persons will recollect the first exhibition of this instrament la 
treet, by Mr. J. T. Cooper, and Mr. Gary, aacceeded by the 
le Gallery ejchibition of scieotific -woniiers and an. oxy-hjdrojfea 
lope. The apparatus forthispurpoaeconaistsof three condensing 
md nn object gloss. The objects, sneh as liye aqnatic insects, b 



J way with Canada balsam. {Fig. 29S.) 



I the 




IV. The Fiyaioscqpe. 
inatniinent, brought out at the Polytechnic during the time that 
F. Goddard managed the optical dejiartment of the institntion, 
excited the greatest mirth and astonishment amongst the nune- 
isitora ; and habitues of the old place may remember the good- 
i inimitable maudlin simper with which poor Mr. Tait (who was oue 
iTingobjectssbownon the disc) used to drink off the glass of wine 
en winl at the audience. When we aaj Mr. Tait used to wink, 
rse it is understood that he wils personally invisible, and his 
ion or image only appeared on the disc. The countenance is 
tly illumipated bj the oxy-bydrogen liglit, and being placed near 
ses, the rays arc reflected from the face into the pbysioscope, and 
Droperly focused, and the iuTBrsion of the image corrected, the 
representation of the human counteaance is apparent on the 
The lenaea and concote reflectors required are shown in tho 
of the pbysioscope. Messrs. Carpenter and Westley, of Begent- 
have brought the manufacture of magie lanterns to great 
ion ; and Mr. Collms, of the Polytechnic, constructs every kind of 
ing Tiew Kiparatoa, oiy-hydrogen nicmscopes, pliysioscopes, 
ie. 399,J With this instrument any opaqae objects (provided 
efleat light properly) may be displayed to a large audience. 
' casts appear with singular beauty and softness, whilst flowers, 
birds, and especially humming hires, are exceUeut ab^wta&aU^e. 
«ope. 

X 2 
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fonzied white light, 
prism in various positi 



k double-convsi leas, th&t tliej again united __ 
In order to demonstrate the properties of il 
I, the ueit diagram maj be adduced. (Fig. ~" 




Tig, sot. 1. The It; oC l%ht duiIor Ihron^ tiro prliina b nlii»d bin <d ] 
tUi podUail the Uiht ptaa throoich lo tbc Moond priim, c. wiUioat sltnUii 
tlu dHflmpodtlDn ofligb t DEuun, nnd the apectrom li eboirnUDii. Ttie top p 
nud linglj would retteot tbe njUa irillioiit docompoilng It Into the colDntd taj 

The rainbow is the most beautiful natural optical pbcnomenon ntk 
which we are acmiainted ; it is onlj seen in rainy weather when the m 
illuminates the falling rain, and the speotator has the sun at liis bwt 
There are freqttentlj two bowa seen, the interior and eiterior bo», « 
the primary and aecondirj, and evea within the primary rainbow, 
ia contact with it, and outside the secondary oue, there have beoi i 
Other bowa beyond the number stated. 

The primary or inner rainbow consists of seven different coloare4 
bowB, and is usually the brightest, being formed bv the rays of hgW I 
falling on the upper parts of the drops of rain, ite exterior bow k ' 
formed by (he lays of light faUiug on the lower parts of the dropi i^ 
taia; and in both cases the rays of light undergo refrsctioa ni 
reflection, lience the opinion of Aristotle, that the rainbow is osiimI 
only by the reflection of light, is not correct. 

the first refraction oecnrs when the rays of light enter, and tbB 
second when they emerge from the spheroids of water in the first ba«: 
the refracted rays undergo only one reflection, whereas in the se(»na 
the brilliancy of tlie eoloura is impaired by two reflections. 

The spectrum from the electric light ia one of the most gorgeous 
exhibitions of colour that can be conceived ; and the instrument t«- 
qnired for the purpose are iltnatrated in No. 1 (Fig. 303), whilst tlie 
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•mthesK cf i3» vzZ*z^z^red rays and production of vliiic licut is bLowu 



r 

I 



r.: 







iKm to th? eosr 






■' -■.■ 
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tte spectrum irii^ i-v :::« jr.-. :^l :_k v .-.• . ..-...- . ». • 
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lieforeitis t-LT'-v^ ^-^^^r •- •^■^^>- ■ 
squib cannoT Tji zz- *- ^'T •--•" - • " 
Bust be 5C=.=r ii-iivre::: li^ru ; .-. .:..■ ... 
enaUes it to rtr-^i-i- ^'' * c*-.:.;_;>. >.■: -. ... 
mayfall ur^i. :t , m^c ■:— ■ :«-.:iv .^ .j-- 
bgond its li=i±::£^- -iiii^ :' -■■ "•=■ - ■■■^-■'■^■' 

examined s::±iri*ii:r '-'--'- -' 
saidto be d-t -: t=-u-: .'.::; .. 

statements :f-..*'L ir^a: •..'■ . •>.. 

return toil* -u'j: •»' iii- --■'■-■ ■ . 
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the scicL'.ii:- iii'^'Jiiii-'^ . -' 

Bx)se of G-ht-iT'V' 

By carc:-._V:ip^^'-ii'^-' - ., ,. , 
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retinft daring the KTentli part of a. second. Hence the canse of the 
recomposition of vhite light when the colonra on the disc are i|iuckl; 
Totaled. Each eolour at anj point sacceeda the other before tbe impres- 
sion of the bst is gone from the eye, and prorided the colonra iDOve 
round vithiii the seventh part of a second, the; are all impressed toge- 
ther on the eye, and meeting on the retina, produce the effect of while 

light. 

VIII. Tif Phenak-itfUeope. 

This amnsing instmment consists of a tnming ^heel upon which figures 
appear to jump, walk, or dance. The disc or wheel is of cardluard, 
upon which are painted {towards the peti- ' 
pbery) figures in eight, ten, or twelrt 
postures. Thus, if it is desired to repre- 
sent clowns turning round in a circle, tweln 
different positions of ihx: figure in the act of 
turning are punted on the disc, and abon 
each of the fignres on the wheel a slit ii cut 
about one inch long, and a quarter of m 
inch wide in a direction corresponding with 
the radii of the circle. This simple form of 
the instrument is used bj placing the figumi 
side towards a looking. gfass and then causing 
it to reTolve at a certain, speed, which a 
aseertMncd by experiment; and as the spec- 
tator looks tbrougn the slits into the lookmg- 
Plg. S04. De»ii!D for the phe- elass. the clowns appear to turn round, it 
^JSiS"?^- JlMlTSS^-'arJ; t^e Polytechnic Institution there are tOT 
a mirror throogh ihEilitB. it» oC these wheels with looking-gtasses, luiii 
mpporied Uj a hmdij; ihrongh although the SB»e designs have done dutj 
twilled b; ihe other hand fc many years, they stiU attract the pablii! 

attention. (Fig. 304,) 
In the " Journal of the Hoya! Institution" Mr. Faraday has it- 
scribed some very interesting expcrioieuts and optical illusions produced 
by the reTolnlion of wheels in different directions and velocities. Tbe 
wheels are made of cardboard, and by cutting out two cog wheels of in 
equal size, and placing one above the other on a pin, the usual hazy 
tbt when the cogs are acting is apparent when they are whirled round; 
but if the two cog wheels arc made to move in opposite directions, 
there will be the eitraocdinnry appearance of a fixed spectral whed. 
If the co^ are cut in a slanting direction on both wheels, the spectral 
wheel will exhibit slanting cogs ; but if one wheel is turned so that the 
cogs shall point in opposite directions, then the spectral wheel will have 
straight coga. A number of sucli wheels set in motion in a darkened 
room, and illuminated suddenly with the light from the electric spark, 
appear to 6t«nd perfectly still, althoogh moving with a great velocity, 
iji expensive instrument has been constructed by Dutwscq, for the 
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IX. Tie Tkaumairope. 

This very simple toy was inTented by the late Dr. Paris, who gaye it 
an appropriate name, compounded of the Greek words, BaviiOt wonderip 
rpciTfli), to tarn. The duration of the impressions of li^ht on the ey^ 
is Tery apparent whilst using this toy, which is usu^y made of ^ 
circular piece of cardboard, having on one side a painting of a maa'^ 
head, and on the other a hat ; or a picture of a Lghted candle on oa^ 
face of the cardboan^ and an extinguisher on the other; or ^ 
gate, and a horseman leaping it. Each pair of designs painted on 
opposite sides of the cardboard appear to be one when twisted roon^ 
by strings tied to the opposite edges of the cardboard circle. The 
rationale of this experiment bein^, that the picture of one design^ 
such as the head ana face — is retained by the eye until the hat appears, 
and being mutually impressed upon the nerve of vision at very nearly 
the same instant of time, they appear as one picture. 

X. The Kaloirope. 

This is an optical arrangement by Mr. Thomas Bose, of Glasgow, 
primarily designed for showing the illusions of the phenaMstiscope and 
idndred devices to a numerous audience ; but more remarkable for its 
presentations of very beautiful spectra, composed of the multiplication, 
combination, and involution of simple figures disposed around a disc. 
The arrangement consists of a movement for giving considerable 
velocity to two concentric wheels, working nearly in contact, and 
moving in contrary directions. But the only part of the apparatus that 
requires special explanation and illustration is the device (use and the 
disc of apertures ; the first of which is placed on the hinder wheel, and 
the second on the front wheeL We give figures of the two discs, 
premising, however, that each is capable of an almost infinite variety 
of characters. No. 1 (Tig. 306) presents in its four quadrants the 
perforations for four distinct discs of apertures ; and No. 2 is a device 
disc, consisting of twelve equidistant black balls. Under a the balls 
will be presented as twenty-four ovals ; under d, as forty-eight involved 
figures, beautifully variegated; under c, as an elaborate lacework ; and 
under e/, as a rich variegation of form and colour. Every fresh disc of 
devices and disc of apertures t)f course opens up a new field of effect. 
Thus, if we take a oisc bearing twelve repeats of a ball in the in- 
terior of a ring, each repeat being so painted that its position is ad- 
vanced in the ring until it reaches in the twelfth ring the point whence 
it started, and place this on the back disc of the kalotrope, having pre- 
viously removed the first one, no effect is observed when the wneel 
is rotated beyond the spreading out of the design and ^neral appear- 
ance of hazy black circles. When, however, the disc, with twelve slits 
or apertures, is now placed on the front wheel, and the two rotated in 
opposite directions, then the whole figure starts as it were into exist- 
ence, and each ball apparently moves round the interior (^ iti circle. 
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The ipparatus was produced at the Rojn! Polytechnic Institution bj 
m author, and excited inucli interest. (Fig. 30*0.) 




Fig, 3M. Noa. 1 and 2 ure Uie c1is( 
b tppodlto diiectloiiB; 



;d Dnd pBlnted dins moviiig' 



51. The Photodrome. 



This is a second ojitioal arrangEmeat by Mr. Bose for showiug spec- 
tral illusions ; and it is superior to the Inst, inasmuch as it offers to the 
public lecturer a most effective means of presentbg these deceptions to 
S large audience. It differs from the kalotrope in several important 
points. It dispenses with the discs of apertures, and leaves the device 
disc with its face fully exposed lo the spectators. The effects are pro- 
duced by a powerful light, thrown through the tube of a lantern, and 
broken by a wbecl working across it. "the apparatus, as it at present 
stands in the inventor's possession, consists or two distinct parts ; the 
one a mavement for the device discs, and the otiier for the liglit. A 
wheel four feet in diameter b connected with a train of muvcmcDt 
capable of giving it five hundred or six hnndred revolutions per minute. 
On this wheel the device disc is placed, in full view of the spectators, 
rknd set in motion. From an opposite gallery the light i£ tbrown, and 
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-» ».: ". »^' t TV.rl cf such diameter and number of apertures as will 
*.-. ■ : M.-.-; •:! tlie phufodrom^ (or light-runner) to be at least 

*. .::■..- :•; "^..oiTyot' the device disc; whilst, the apertures are of 
4i.'. ^- .' I I.* :^ rtj'.ricl the duratiou of the light- Hash to about one- 
•!• . :• ..-x:.: : : i *eooad. The wheel workiug across the light has a 
rT...: . ::-: ' .' '-.zr. ::r raisin:? the velocity to two thousand revolutions 
-.'- ^■"•.■: "J" -ujjki^^'uu'ut of the apparatus is very simple. The 
[? » . - \ •-. .? . -: -«'«: to a steady, rapid rotation, and the operator on 
.^■! ••.•..■■v.-i* i.* wheel with gradual! Y increasing velocity, until 
:■. ■■ :.i > : : : ~ir^"s .: the device, where, "by mere delicacy of touch, 
:l ^ : •• . ••: ■ -.lir. j:avl.::ary or ffive them motion, at pleasure. 

'": . > .. .-:■: 3.-1 .r'.:ur *::11 agitate the scientide world, although 
::.! • .1.: t; .-• i. ':«:.i w'..o will assert that his hypothesis is fitted to 

■..■ .-.. : . . •■ L i':J." •;■::•-: i\lm arises as our experimental knowledge 
;:. - :rw ?^: /- w ^-■.i:h. of the Penh Academy, has propounded a 
•• ■■ :^ :. . ^T> "if'.Ty ••:' liffiit and colour, supported by some clever 
. . -. ■ . . ?. :•_:. is S.l-^mon says, "there is nothing uew under the 
-.. :. .: l:. .'.:1c' rarer Mr. Kose, of Glasgow, lays claim to the 

-■- .■ .:.:.>;. >'.:. Siv.iia's theory as follows: — 

' \ i ,■ .■.:•.•. -.15 bcvn directed to a paper entitled 'The Theory of 
. 1, • , : .- <,*; - S"::ti;, Esq., M.A., of Penh Academy. I thinlk.it 
* . .» ..I-' :'v: years since I communicated an interesting fact to 

■' :>8^.- yi.-u.:Av. i:;.! to a member of our local Philosophical Insti- 
. ... » ! «;■? -.iv ixrly claim to have anticipated Mr. Smith's theory. 

-1. -. »k> • J s : :liai it a piece of intensely white card be held in one 

.■ t. » I 1 ■.'.: '. c..: o: a innvcrful gas-jet falling upon it, and if the 
.-..: ».LS ,■■. v.u-.:i'.i.i ci' iho gas-tap, as the light is gradually reduced, 

. .-. . »-ii jL4*v.:v.o the prismatic colours down to intense blue, and as 

> r-.'^T -rtd ihe colours will present themselves in inverse 
■•■. v. .v::::ici:: showed, very conclusively to my mind, that light 

. ^ V-- --''^is. i"d that what we name colour is only the various 

.V . . -.'.v .:;v.c y.ono by a ereateror lesser radiation of light from 
.... . . II .1:1 ir.-.poneci rellccior — say, in the instance, a white 

■ I-, ■i.'u.i :h.i: Mr. Smith confuses his theory when he speaks 

. ««.i. ..» .'» !:;::.: and shadow j)roducing colour. Shadow, or 

^ .>Bv ^ 1*.:*' K'c-itiou of light. We do not see mixtures of light 

. .».*^v*«» t .>uu:«l:k*ss and whiteness, but light in its several degrees 

^^^; . *li. :siii:ii's exi)eriments present only what my kalotrope 

. ^, . .»» ^*ii»ii li^i 'vor ae>'ice, the photodrome (now nearly three 

> ..vjit*^ u ^ much more peru»ct manner. It is one of the 
^ ».-«*m4"M nJuIj 10 the initiated, that whilst Mr. Smith's paper 

^\ .. —t «*.^Aiw«*»WL^iih great favour by the British Association, 
^'i' " ^ , ,.-a^ :^Miv9 to the photodrome was voted * not tufficienily 
is i" ^ 

aucL- ^^^Tc^'diM* ond^r^ the public with on experiment, which in 
or apt ^^"^ _ iMUHg^T* pennit me to reproduce it under several 

opposiu - .^ -..^a* :^ a hiief narrative of remarkable presen- 

cucc, auii _^ ^1^ jMtfl^ tHN before me, and whicli, so far as I um 
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nware, are perfecllj novel, or known only tliroiigii tho more recent 
experiments of Mr. Smith. Professor Farad aj Terj ooiirteouslj' 
flctnowledged my communication of the experiment witli the card, but 
aaid that it only partially siiccei-dcd with hiui, and added that probably 
this vaa owing to some decay of sensitireness lu his eyes. More likely 
I failed to state with aufflcient clearness the conditions of the ex- 
periment, siacE I have always foand nine persons out of ten perfectly 
agreed as to the effects produced when they have been at my aide. The 
transitions from white to ^llow, orange, red, and thence to intense 
blue, arc, I may say, invarutbly admitted. Success depends on a very 
alow and remJar reduction aud restoration of the light. I have given 
one method of perfortning the experiment, and will add other two. 
Allow tbe light to remain undisturbed, and begin by holding the card 
near to it ; then keep the hand steady and tlie eye iotently hxed upon 
the card, and retire gradoally with your back to the Uglit, and the 
colours will change in the order of the prismatic spectrum from yellow 
to intense blue. On retumiog backwards towards the light the colours 
will again present themselves, but in inverse order. Li this form of 
the eiperiment we are oert^n that the light remains precisely the same 
throughout. The third method is this : Place a circle of white card, 
about three inches in diameter, in the centre of a black hoard, and let a 
spectator stand within twelve inches of the board, with bis eyes fixed 
upon the card. Let an operator he provided with a light so covered 
that it shall not fall on the eye of the spectator; then, as he retires 
with the light or returns with it, the spectator will see the colours a 
before. This arrangement evidently subjects the experimect to a seven, 
test, since the black hoard enhances the whiteness of the card, and 

tends to preserve it Whilst pursuing my principal object, 

Ifreqnently noticed most remarkable presentations of colour; but, as 
the conditions were for the most part unsuitable to the lecture.room, I 
gave f^em only a passing regard. AJIow me to instance a few of tho 
experiments. 

"The first refers to the talotrope, which may be brieiy described as 
m arrangement of two concentric wheels, worbng nearly in contact and 
in contrary directions. Discs of varioiis devices are provided for the 
hinder wheel, s^d a number of perforated black discs for the one 
in front. When a dine charged with twelve black radii is placed on 
tbe hinder wheel, the six spokes of the- front wheel, in passing rapidSy 
across it, convert the twelve Macl: radii into twenty-four apparently 
ststionary wiiU radii upon a tinted ground. Here is a remarkable 
presentation of the complementary, inasmuch as it is placed permanently 
before the eye by persistence, 

"The second experiment is performed with the photodrome, which 
consiats of an independent wheel to receive the device discs, and an 
apparatus (nltogetber apart, and, if desired, out of sight) by wliich 
flashes of light arc thrown upon the disc in rapid and regular succession. 
Now, if a disc charged with twelve dark blue balls, ncarl; in contact, 
be placed npoo the wiieei, aud a little 'nsiltu:&\ W^'i,^^ m:rae&'ua ^:^ 
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. fc icciL IS in 9 ' iJtr y a. Ezso ncai i c i o lmi on, md flashes of 
iridisil 'l:si:i '^wt'nztd in % 'aaztsa^t tn dalr ■msnred out upon it, 
'Wi SK iVsLt* ircozToiIj ssicSrcKj ls^i4if«e laOs upon a zone of 

na:c?. Hs*. ncizz. izere s aacki^ for vliidi we are not 
:*ti. ihe riai^iifsicisirT 9 saaieslx presented, and it is main- 

TerriLTi^ :> ^Set j* lis rr; bx 



"^ A iuri szit'Titt:: zat rnre iaseresss^ in its relation to Mr. 
Sblio. s =:r!:i.t:f=« zhi^zcj. Tji^k tht kaootzope c^posite a bright 
Tif TnT^ lixm.'iij ifj. r*!=^irrc I2e &qqs v^eei, and amx to the hinder 
viixi. hd* :c ~Ii; 'perlzazi'l t'ncs c5sa nsed for the kaiotrofHC effects, 
rb* *—j»"-TrT«*n -!:-<: ^mwtS 11 *£e back of tke instniment, and can see 
T^ ikj jL'j zi^tLTS. ue acemzrcs in tbe tiack disc Canse these 
xsicrrxrs 'v: Tifesf "Jig: ejf 1: iz;errus Tarrine firam cne4ialf to one-sixth 
d^ & ferrciii. i=ii T-err rym^rirac otr^nriatinffw of ookHir are seen. 



UniET i2£ ji^n^ T«j:d3s»s iias sty iasbgs, and assumes an mmatoral 

cjf lie :»nh and fifth of a second eiTe it 



tT" TCTi' T uii T2r« =i^«rTX;s :£ lie :»nn aaa nnn ot a second giTe 
samsczEii^ ^ jgn'S'g, 1: c'^isss a dero pnrpie colour. Xov, what are 
w? ';c ziisr fr:ci 1125 fxrehziiezi r Cotainh' mci that the polsations 
iar* tbsri-rrfiT jrrciixc tizxtt cf oocoor. At crery pulsation the 
fiZ z&rir^ b^: filjs ^:c :1« ere^ and the interrals between the 
piisicariLS CTt tiztf i:c il-* reu^ca neoessarr to the sn^gestion of 
tsmqiescisi^cT cjuicr. izki iLu ^sikkr mamfoli modifications arising 
on cd i2»f fTgrvt^ATicbg cccciiSixi of the ere dnnn^ the caq^eriment. 
If T^ iriirrLrrf p&» i£f ey^ whh a Tekxitr CTrreding on&sixth of a 
sennziL Uif ef ftr:' »£ses^ Tbse is then perfect persistence, and the 
cy; iC'Tcrirffs^ nzar^.z tzTt lif opdinaiT hght of the sky, reduced in 
iz.T<!&sny. inii s:;': t-^j: 10 bre^ its nniioraiitr or gire it a fthmnmtiff 



"^ A f:imr cxr^riiDa:: is kiiidred to the last. Place the kalotrope 
cnSsr tltf s&i::*^ ^ilshdc::! aad manaeement as before, in front of a 
bnjis:!! slssci, sai ibt spenasor will see. with more thai a poef s 

Tisioin. 



l^iziTiditkm by John Graham, of Tunbiidge, is designed to show that 
wIksl white or coloined Hght is transmitted to the eye through small 
epcDincs ml into paitems or devices, and when such openings are made 
to passl>efoie the eye in nmid sncoessire jeiks. both form auS colour are 
retained upon the nerre 01 the visual oigan sufficiently long to produce 
a compoiimd pattern, all the parts of whidi- appear simultaneously, 
althouch presented in succes^n. The instrument foims, therefore, a 
pleasiur i&sstiaxion of the law that the eye requires an almost ini^re> 
ciably short space of time to receive an impression, and that such 
impression is not. directly effaced, but remains for an a«gg«ah1#> though 
v«iT lizDited penod. The results are obtained by rotating two discs on 
a wheel, the lower dise containing oobuis, and the upper one the 
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openings ; this httcr disc is made to vibrate as n'cll as to lotato, thus 
allowing' the eje to raceiTe the coloured light reflected from below, 
whicl) light assumes, at the same time, the forma o( tlie yiatterna Ihniugh 
■which it has been transmitted. The instrnment serves also to illnslrate 
most of the important phenomena of eolour. 

XII I. Simple MieroKapes and Teleieapei. 

The Stanhope lenses are now sold nt sueb a chean rote, and arc so 
-nseful as simple portable microscopes, that it is hardly worth while to 
detail any plan bj which a cheap suagle-lens magnifier maj be obtained. 
£lcK|neiit vendors of cheap mioroscopes ure to be foand in the streets, 
vho moke their instrument of a pilT-box perforated with a pin-bole, in 
which a globule of glass Sxed with Canada balsam b placed; and the 
spherical form of the drop affords the magnifying power: or a thin 
platinum vae maj he bent into a small circular loop, and ioto this may 
be placed a splinter of flint-^loss ; if the flame of a Bpirit>lamp la urued 
upon the loon of platinum wire and glass by the blowpipe until it molts, 
a small douole-convex lens may be obtained, which will answer verj 
well as a magnifjin^-glass. Practico makes perfect, and after two or 
three trials, a good single lens may be obtainea, which can be mounted 
between two small pieces of lead, brass, or cardboard, properly fixed 
together, with holes through them just large enough to retain the edge 
of tho tiuj lens. A. prism can he made of two small pieces of window- 
glass stuck together with a lump of soft beeswax, and if a few drops 
of water are placed in the angle, they are retained hy capillary attraction. 
Hie prism is used b^ holding it against a large pin-hole or small slit in 
a bit of card, luid directing Ihem towards the sky, when the beautiful 
GOloors of the spectrum will be apparent if the card aud prism are 
bron^t close to the eye. 

The most simple form of the refracting telescope is made with a lens 
of an; focal length cxceodiug six inches, placed at one end of a tin or 
cardboard tube, which must be six inches longer than the focal length 
of the lens ; the tube may be in two parts, sliding!: one within the other, 
and when tlie eye is placed at t)ic other end, an inverted image of the 
otgeot looked at, is apparent. By using two double-convex lenses, a 
more perfect simple astronomical telescope is obtained. The objeot- 
glass, Le., the lens next the object looked at, must be phiced at the end 
of a tin 0[ pasteboard tube Lirger than its focus, and the second lens, 
called the c^c-glass, because next the ctc, is a smaller tube, tenned the 
^e-tube ; and if the focal length of the object-glass is three feet, the 
eve-glass must liave a one-incb focDS, and of course the eye-tube and 
paas irnist slide freely in the tube containing the objeot-glass. An 
object-glass of forty feet foeus will admit of an eye-glass of only a four- 
Jnch focus, and will, therefore, msgnify one huudredaud tw^enty times. 
A tube ot forty feet in length would of courae be very troublesome to 
naiu^e, and therefore it is usual to adopt the plan, originally devised by 
Hoygens, viz., that of placing the object-glass in a short tube on the 



JUi 




BOYS PL&TBOOK OP KXOCt. 

tap of a high pole with a bdl-and socket joint, whilst the ej 
bcongU iolo tJic tame liue as the object -giuss, aod foci ' 
and nck-trork properly supported, 
tcmstrial telescope there are four 
that the objects seen bj its asaistau 
iDTerled ; and whenever objects are 
common telescope, they ore found to be £ 
surrounded vith prismatic colonra. This d 
effect is corrected by the use of aeimmatie^ 
ithich two kinds of glass are uuited ; anc" 
decomposed bj one glass, nnitine; with t 
produced bj the other form white light, tl 
conrei lens of crown glass, c c, may be u 
a plano-couTei. lens of flint glass, ? f , w 
hare t, focus about double the length of tl 
crown-glass lens. The coDCave lens < 
'. colonr or chromatic aberration of 1 
leaves about one-half of ihe rcrrBcting p 
convex lens as the effectirc m^iii^ing p- 
The French opticians cement thelense: 
c them in ordinary spy and opera glasses. I 







together, and u 



SIV. The Slereo>co[K. 

This instniment has now attained a popukri^ quite e.,.. 
does not surpass, that formerly enjojcd by the kaleidoscope, ai 
entering upon the much-vexed question of priority of di 
sufBcient i^ain to mention with the highest respect 1 
Sir David Brewster and Professor Wheatstone as identiiied 4 
discovery and use of this most pleasing optical instrument. .J 

The principle of the stereoscope (meaning, sdid I iik) \K 
from nature: i'."., when both eyes are employea in the examinati^ 
object, two separate pictures, embracing dissimilar forms, are inf 
upon the retmie, and produce the effect of solidity; if the piututct 
at the back of ihe eyes could be examined by another persoBJ 
stereoscope, ihcy would come together, and o&o produce the H 
sohdity. | 

Stereoscopic pictures are obtained by eipoaing sensitiied |i 
the camera to the picture of an object taken in two position^ 
cameras are employed to obtain the same result. If the latter 1 
adopted, the stereoscopic pictures must nut be taken from po^ 
widelv separated from each other ; or else, when the two pictfi 
placed in the stereoscope, they will stand out with a relief th^j 
nncalural, and the object will appear like a very reduced s~" 
instead of having the natural appearance presented by pict 
ha?e been taken at positions too distant from each other. 

Sir David Brewster says, '' In order to ohtain photographioj 
mathematically exact, we must construct a binocular camera n 



The stereoscopic effect is obtained bj bringing the ejes d| 
inclined mirrors, so that the two rpflected images coincide it 
section of the optic axis; the coincidecce of the images is furib 
bj moving either pictare a little to the right or left, and if ft 
boards move bodilj in grooves to or from Uic centre mirror, tin 
nicetj of adjustment is procured. 

Baring the last three years of the author's directorship of 
technic— viz., in 1S56, 1867, 1858— ncarlj the whole of^tk 
shown bj the dissolving-rien apparatns were coloured photogi 
Mr. Hine's original pictures, pawled two feet square in blue t 
and reduced on the glass to about sii. inches sqaare. Tb» 
film being frequeutl; thick and difficult to penetrate with > 
etched ana scratched away where required, and filled in with a 
when these pictures were looked at with one eye only, they tf 
be almost sdid or stereoscopic on the disc. 

Tiie lenticular stereoscope consists of a box of a pjromii 
open at the base, and provided with grooves in which ore |l 
stereoscopic pictures ; if the latter 
on glass the base of the box is hd 
against the light, but if they are dago) 
or paper pictures, then a sule light i| 
upon them by means of a lid cotbD 
inside with tmfoil, which is raided fl 
ileasore from the top part of the 1 
li-lenscs are now fitted into the nt 
of the box, and are placed at such ) 
from each otiier that the centres oE 
lenses correspond with the pupil at 
and this distance has already beeu 
amount to %^ inches. (Fig. 309.) 
The principle of the lenticular steq 

Serhapa better seen by reference ttf 
iagram, in which the centres of the d 
(i.e., a lens cut in half) are placed a^ 
apart, with their Ihin edges towards q 
and marked, a b, Fig. 310. The cenl 
two stercoaconic pictures c b correst 
the centres of the lenses, and the njj 
diverging from C D fall upon the sa 
and being refracted nearly parallel are, b; the prismatic form <4 
knses, deflected from their course, and leave the surfaces of \ 
in the same direction as if they actually emanated from K ; • 
images of bodies appear to come in a straight line from the poii 
they are seen, the two pictures are auperimpoaed on each t 
together produce the appearance of solidity, so that a sti 
result is obtained when the spectral iiaaffes of the two at| 

Eictures are made to overlap each otiicr. By taking one ofj 
^nscs in each hand, and looking at the two pictures, the o 




BBEWSTERS STESEOBCOFE. 



of the ipntral image! becomes very apparent, so that ihs combined 
^mi itsagei, and not the pidurn thenuielves, are seen when wo look 
into & stereoscope. (Fig. 310.) 




rig sio 

Sir David Brewater sajs, " In order that the two images may coalesce 
withont any effort or strain on the part of the e;e, it la cpccssary that 
tlie distance of the similar parts of the two drawings be eq^uol to twice 
the separation produced by the prism. For this purpose measure the 
distance at which the semi-lenses give the moat distinct view of the 
Btereoscopic picturea, and having ascertained by usbg one eye the 
unoont of the refraction producea at that distance, or the quantity by 
vhich the image of one of the pictures is diaplaced, place the stereo- 
Kopio picturea at a diatance equal to twice that quantity — that is, place 
the pictures so that the average distance of similar ports in each is equal 
to twice that quantity. If this ia not correetly done, the eye of the 
obaerver will correct the error by making the images coalesce, without 
being sensible tliat it is making any ancli effort. When the dissimilar 
ntcreosco] - ' ■ ■' '' ' 

SV. The Slereomonmcope. 
M. Clandet, whose name has long been celebrated in oonneiion with 
I the Bft of phatt^TBphy, has described an instrument by which a single 

C'ctuTB is made to simulate the appearauce of solidity, and he states that 
/ means of this arrangement a number of peraous may oliservc the 
" meet at the same time. The apparatus required is very aimple, con- 
' ig of a large double convex lena, and a screen of ground glass. The 
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be fousd saspended in tbe air in the conjugate focus of the lens aX c, 
and from this point the lajs of light will diverge as from a real object, 
which will be seen bj sejmrate spectators at n d aad e X ; and if the 
screen of ground glass is placed at c g, the ima^ wUl appear n-ith all 
the effect of length, breadth, and depth, which belong to solid bodies. 
(Fig. 311.) 

An image formed on ground glass in this manner can be seen only in 
the direction of the incident rajs, and the stereoscopic effect ia not 
apparent when the image is received on a calico or transparent screen, on 
account of the rajs beuig scattered in all directions. 

XYT. The Stereomoicope. 

This arrangement is an important modification of the other, and 
consists of a screen of groond glass {i b, £^g. 313), and two convex 
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Fig, 312. Tbc ilerMDiofKipe. 



leases (cD, and e r) arranged 
"nages of tlie stereoscopic picCurea, 
^wn, AB. 

It might be thouglit that a confi 



S PSEUDOSCOPE. 



manner that they will project 
u, at the same point on the 

] of images woold result from 
r — viz., the focoa of the two 
-., ._. js ciich phato?raph con be seen only in the direction of ita 
^^i rap, it foUows tliat if the eyes are so phkccd that each receives the 
UnpressioQ of one stereoscopic picture, the two images must coalesce, 
^Q a stereoscopic effect will bo the result, as is apparent at k k and 
^1; so that several persons may look at the stereoscope at onetime. 
(%.312.) 

XVn. The Pteudotcope. 
, This enrions optical instrument, as its nanie implies, produces a false 
wnagB hj the refracting power of prisms, and is tiie invention of 
"■ofessor Wheatatone. Wbcn iised with both ejes, the same as the 
stereoscope, it inverts the relief of a solid body, and makes it appear 
eitactljas if it were an intaglio, or sunk beneath the line surroandiiig it. 
'Of instance, a terrestrial globe when looked at through the pscudo-' 
scope appears to be concave, like Wjld's Globe in Leicester-square, 
instead ol convex. A vase with raised omameats upon it looks as if 
it had been turned (to rererse the usual eipression) outside m, and 
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tlie wbote of its conTtaily is tnmed to poncayif t ; and of eonrae a face 
a under these circomstwices looks very cu'rions. (Fig. 313.) The 

se i> perhaps somewhat difficult to tmderstRnd ; bat hj taking otiier 

and more simple examples of the same effect, the principle may be 
gndoallj comprehended. 

Sir DaTid Brewster, in his " Letters on Natoral Magic," remarks 
that "one of the moat curioua pheuomeiia is that falie perception in 
niioii bj vhich we coaceiTe depressions to be elevations, and elevations 
dqvessions— or bj which intaclios are converted into cameos, and 
omeos into intaglios. This curtoos fiLCt seems to have been observed 
at ooe of the earl; meetings of the Rcjid Society of London, when 
CMie of the members, in looking at a guinea through a compound 
microscope of new construction, was surprised to see the head upon 
the coin depressed, while other members could onlj see it embossed, as 

it really was Tiie best method of observing this decepti 

b to view the engraved seal of a watch with the eje-piece of an aclii_ 
malic telescope, or with a compound microscope, or any combination, 
of lenses which inverts ihe objects that ore viewed tliroogh it ; a * ' 

coBvn lens will answer the purpose, provided we hold the eje 

eight inches behind the image of the seal formed in its conjupte focus. . 

AHei bringing forward various interesting experiments in further 
Mplanation of the canse. Sir D. Brewster states it to be bis belief that 
the illnsion b the result of an operation of onr own minds, whereby 
we judge of the forms of bodies by Ihe knowledge we have acqoired of 
light and shadow. Hence, the illusion depends on the accuracy and 
eitenl of our knowledge on this subject ; and while some persons are 
under iis influence, others are entirely insensible to it. This statement 
is borne out bv experience, as the autbor, whilst Resident Director of 
the I'olyteehoic, had four of Wheatstone's pscudoscopea placed in the 
gallery, with proper objects behind them ; aiul he irequently noticed 
uuU some visitors woold look through the instrument and see no 
•Iteration of the convex objects, whilst others would shoot with delight, 
and call Iheir friends to witness the stran^ metamorphosis, who in 
their turn might disappoint the caller by being perfectly insensible to 
its slTSoge eBects. 

TTie pseuJo.effects of vbion are not conGoed to the results already 
explained, but are to be observed especially whilst travelling in a coucb, ' 
when the eyes may be so fixed as to give Ihe impression of movement to 
the trees and houses, whibt the coach appears to stand still. In rdlway 
carriages, after ridiog for some time and then coDiing to a stand still, if 
another train is set slowly in motion by the one at rest, it frequently 
happtm (bat the latter appears to be moving instead of the former. 
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Tsz BTiBljBis of light liBS hecn explained in a provioDs chapter, and it 
has been sfaown how the spectrum is produced. Colour, however, may 
be obtained by other means, and the property enjoyed by certain bodies, 
ot absorbing aertain coloured rays in preference to others, offers another 
inode ot decomposing light. 

The property of absorption is shown to ua in every kind of degree by 
innumerable natural and artiflcial substLinces ; and by eiamimng the 
apectruni through a wedge of blue glass. Sir David Brewster was enabled 
to separate the acTcn colours of the spectrum into the three primaiy 
dolours, red, yellow, and blue, which he proved existed at every point 
«>f the spectrum, and by overlapping each other iu various proportions, 
firodace the compound colours of orange, green, indigo, and Tiolet. 

Connected witn this property is the remarkable effect produced by 
coloured light on ordinary colours, and the sickly hue cast npon the 
^host in a melodrama, or the fiery complexion imparted to tne hair 
«t Der Freischutz, or the jaundiced appearance presented by every 
^nember of a juvenile assembly whea illuminated with a yellow light 
i&om the salt and huming spirit of " snapdragon," are too well known 
"to require a lengthened descnption here. 

If a number of colours are fainted on cardboard, or groups of plants, 
flowers, flags, and shawls, arc illuminated by amono-chromatic li^nt, and 
especially the light procured from a lai^ loiti torch well suppLed with 
salt and spirit, tne effect is certainly very remarkable ; at the same time 
it shows how completely substances owe their colour to the light by 
which they are illuminated, and it also indicates why ladies cannot 
choose colours by oandle-Hght, unless of course thej propose to wear 
the dress only at night, when it is qnite prudent to see the colours in 
a room lit with gas ; and this fact is so well known that with the chief 
drapers, such as at Messrs. Hailing, Pearoe, and Stone's, Waterloo House, 
B darkened room Ut with gas is provided during the daytime to enable 
purchasers of coloured dresses to judge of the effect of artifical light upon 
them. Whilst the flowers, &c., are lighted up with the yellow light, a 
magical change is brought about by l&owing on suddenly the rays from 
the oiy-hydrogen light, when the colours are again restored ; or if the 
latter apparatus is not ready, the combustion of phosphorus in a jar of 
oxygen will answer the same purpose. The bght obtained from the 
corabostion of gas affords an excess of the yellow or red rays of light, 
which causes the difference between candlelight and daylight coLoura 
■Inady alladed to. 
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CHAPTER XXT. ■ 

IBS mxRCTioK OB DnTSAcnos or light. I 

Ik this put of the subject it is absolutely necessajy to retani to the 
theorj of anilalatioiis witli which the present subject was commenced. 
The inflectiou of light offers a third method by which raja of liglit may 
be decomposed and colour produced. The phenomena are extremely 
beiutifo!, olthoogh the eiplauation of them is almost too intricate fot ft 
popular work of this kind. 

The cases where colour is produced by iuflectioo are more numerous 
than might at first be supposed ; thus, if we look at a gaslight or the 
setting sun through a wire sauzc blind, protecting the eje with a htlle 
tank of dilute ink, a most beautiful coloured cross is apparent. An 

Iextretnelv thin film of a transparettt matter, such as a Uttle naphtha oc 
Tamish dropped on the surface of warm water or soap bubbles, or a veiT 
thin film of glass obtained bv blowii;g out a bulb of red-hot glass till it 
bursts, or an exquisitely thin plate of talc or mica, all present the 
phenomena of colour, oltnough thej are individuallj transparent, and in 
opjinarj thicknesses quite colourless. 

Sir Isaac Newton brought his powerful intellect to bear on these 
facia, and as a prelimbarj step invented an instrument for measuring 
tliB exact tlxickness of those transparent substances that afforded colou^ 
ud the apparatus displayioa Newton's rings is still a favourite opticw 
eiperiment. It consists of a plano-convex lens, i. (Fig. 3I4) a slicD, 
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j^ftom a globe of glass twcntj-eigbt feet in diameter, or tho, 

_;.,^-(»mcx surface is fourteen feet. This plano-convex Icna 

~ _ , ■nnt^iet double conTCi Icos, s., whose convex surfaces bars 

■ ,', i,ii!i, conaeqiientlj the lenses are vetj shallow, and 

.„^ieen them being filled with air, can of cooTM 

I Fig, 314.) It is usual to monnt the lenses in., 

.; Ijruuelil together with screws, when the most! 

- ■:^ jie Bpparent, and are produced bj the extrema ' 

fc^jJatolairetio'osedbetweeutlie two lenses; and 
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Bed . 
Oranse 
YeiloW . 

Blue '. 
Indigo . 
Violet . 



» of air at wliich each coloured light 
133 10 raillionths of an inch. 
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13 of parts, and bj taking 133 of such 



lydividin^aninchinto tenmillii . . ^. ....._,. _._ ._ 

I*arts, the thickness of the film of air required to reflect the red i ^ 
**l>taiiied, and in like manner the other coloors require the minute thick- 
'^i^Bsea of air recorded in the table above. Whea the thickness of the 
film of air is about TrlSTTTi'^""' "^ "" inch, the coIooth cease to become 
■yiaible, owing to the imion of all the separate colours formii^ white 
Mftht, but if the Newton rings are produced in mono-chromatic light, 
wiea a greater number of rinp are apparent, but of one colour oulj, 
■nd alternating with black rings, i.e., a dark and a vellow succeeding 
cadi other; this (act is of great importance aa an illustration of the 
' ' irj theory, and demonstrates the important truth, that (mo rayt 
interfere leitK each other in such a manner at to produce 

_j David Brewster remarks that, "From Lis experiments on the 
wlonrs of thin and of thick platea, Newton inferred that they were 
Jiroduced by a singular property of the particles of light, in virtue of 
■which thev possess, at difierent jioints of their paths, Sis or dispositions 
to be reflected from or transmitted by transparent bodies. Sir Isaao 
does not pretend to explain the origin of these fits, or the cause which 
produces them, but terms i\ie\afita of transmission anifits ofrejlexion" 

Sir Isaac Newton objected to the theory of undulations because ex- 
periments seemed to show that light could not travel through bent tubes, 
vfaich it ought to do if propagated bj undulations like sound ; and it was 
teserred for the late Dr. Young to prove that li^ht codd and would turn 
a comer, in his highly philosophical experimcnta Uluatratlug the inflection 
01 bending in of the rays of light. 

Dr. Young placed before a hole in a shutter a piece of thick paper 
perforated witu a fine needle, and receiving through it the diverging 
beams on a paper screen, found that when a slip of cardboard one- 
thiitietli of au inch in breadth was held in sneb a beam of light, that 
tlie sWow of the card was not merely a dark band, but divided into 
light and dark parallel bands, and instead of the centre of the shadow 
being the darkest part, it was actually white. Dr. Young ascertained 
tli&t if he intercepted the Ugbt passing on one side of the slip of card 
I .with any opaoue bod;, and allowed the light to pass freely on the other 
■ide of the slip of cardboard, that all the bands and the white band 
in the centre disappeared, and hence he concluded that the bands 
" ' within the shadow were produced by th» tnierferenet' 
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CHAPTER :^ 



THE INFLECTION Oil Dir:::." 



In this part of the subject it is abM.'..../; 
theory of undulations with which ili«* ••..:' 
The inflection of li^ht ofters a tliinl luJ.'^--^ 
be decomposed ana colour product. I. •.. 
beautiful, although the cxplanutiou ^f '"•. 
popular work of this kind. 

The cases where colour is prodii<- 1 * \ 
than might at first be supposed ; tin . •• 
setting sun through a wire gauzo lii'' ■', • 
tank of dilute ink, a most beauiif ' i"* : 
extremely thin film of a traiis})aiL!'«. i.- -.1 
varnish dropped on the surface of ^^.*.•-. •" ^-•'^ , 
thin film of glass obtained by blf^v...:, .••' 
bursts, or an exquisitely tliiu pLt: ..." '^^ 
phenomena of colour, altliouch t h.-.v nn: -- ''•^ 
ordinary thicknesses quite colon rip- 

Sir Isaac Newton Drought his ;....v -■::;:: 

facts, and as a preliminary step r»' ^ — __ 

the exact tliickness of those trau-. 
and the apparatus displaying Niu ' 
experiment. It consists of a i"'. 

may inicrfcrc so 
be propagated oi 
^- *-Tn points A A I 
w ns of the wa^ 

Fig. 314. The two lenses, with the pitt^p nlcrfcrc 3^?^^. 
seven coloured rings when the lenses .'iru •.•••ous there Will I 

■^'^** . Lccvl by precise 

•i. r 1 1 !• 1 ^ liv coual and a 

as it were, from a globe of glaj^s *' .^^^.^y a vave i 

radius of whose convex surface is ^"^ '* , iJi the direct 

is placed on another double couvct ''■\^' .„^- „« «_ - 
J* e nfi. f ± 1. - viovations or v 

a radius of fifty feet each, conscqiip"" ^ . ^j^pfmediate 

the space (c c) included between th'"*'*' 
be accurately measured. (Fig. I? 1 
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>. ^. .,uLi.:c iiisutution, ana to whom we have idrtiulr iJlnd^l. 



we have alreadj alladed. 
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Rj.316.— ^o. 1. A mo^ of wxrmtrith morttUe rode.- JJTv. 2. ;! soudd </fiju>d wavei.^ 
>• 0. Intensity of wares doobled bj tin; nii^ietifiMutikiii wHl ^^lUMjkUsuiA m^ t«vv 4;<j[U«l 
wnu.— No. 4. Waves neotraluad I7 tbe w|i«rpocdt:iv& taki JLUteiiM-tuuvtr ^ t» v wuni 
terns, the raised part of one were •oooncteJr UKAxuff luw iu«d xuftkiufr biuv^^ Umt Wivw 
iM other, illostr^ing the Act <lMtivo«a««s4flM$ixt or ifMMMi luttjr ^MibKrjr ^Mdb <jch«r, 

Retnrning again to the coloured rmgs^ ve find tL«t Newton disoovered 
it at whatever thk^kneit of the filit of air the <ioioured ristfi fi^ ap' 
led, there wonld be foaad at tvioe thsl. Udckjaebb the dark r'm^, at three 
cs the coloured, at iooi times the dark^ and so on^ ^^^ coUMred rui^$ 
ularlj occurring at the udd nmmJberM, and the dark otuet at the ^^jt 
hm. This disoorerr » ▼ell illugtraled bv tiie Baodek (Fig. 316; ; and 
aj be noticed at 1^0.8 tiiat the hi^beet aodthe bweet |wrU </ the wavee 



ntc of donUeinteiiait;; the tittle i 

iir T. lad WK waapoaei to r eareM i* tke eoioBied riiws, wliiUt ia Ko. i 
th* wn xns of mr* b Wf Ml Brii^tUB in d&uioe of tie loner ; 
■d 2 de cjc it agUB dineteid faiMi the littk oneses don^ward, the 
■ S. '^ G, 6, c«ca Builma, are qipHeat, lad i^iresent the ikik 



OBg^ wtntbe wmet of liriA dcatnj cadi otW. Tbe pheut_ .. 
dikfUi^catkMeolomniiBiaipbaliUea, md-Uie Gims of vatA 
Mcvdoffanedt^ thebivofiBledetCBOC llie lytt reflected Tnun 
Ab weoHl iifan of tk fba of air (viiieh must of courae, bnncter 
dia^ hoc t«o aatttta, tsl, a wpf^ md ■ bmer one) mteifer» nitEi 
Ik i^ itdectad brm Ik first, and as tlwj cone rrom diSereiit pointi 
rf^acB. ■aartflf ■KTeait MaAaMeoftlicoUier.Ko. Jj Fig. 316; Ofj 




ibai-, darkLtan 



t«A Ike ^e TiUi different lengtlis of paths, and by their intaftraft 
tmm aketnatelT the laminoas and dark tinges, bands, or cirdrS' 
Bnig^a ditbae&m ^paratos, [SBnafBCtared onl; b; Elliott Brotbej^, 
oite ilsdf specnll; ai a most beautiful draving-room optical instni' 
ne poipose of this apparatus is to illiistiale ia great vaiietj, 



ctka or mlerfacncc of light. 1^ is attained bj (he assistance 
of pKotamiiln'. l^aaspareait apertures in an opaque coUodioD liloi nrc 
IKoiomd on ^ks, and a punt of light is newed through the apertures. 
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ifonna of the »perluras are eiccedinffly Tarious, — triangles, sqnarea, 
Isa, ellipses, pamioUs,bjperbob$,aiidco!nbiualicias oCUicin, besides 
If figures of fiukciful fonns, are iacluded in tlie set. When an 

E! of the snn is Tiewed thronoli these apertures, figures of extra- 
tr; beaulj, boih of fonn and coloar, are produced ; and of each 
Ihe&c tnao; toriations maj be obtaiucd bv placing the ejre-gloss of 
||telcacape at different distances from the object gloss. Mau^r o^ the 
DCS pnMDced, especiallj irhen the telescope b out of focus, might 
■est verj useful hints to those concerned in designing patterns. 
|MDgh the phenomena are chiefly of interest to the student of science, 
Bnuequenee of their bearing on theories of light, ;et their beautj and 
ittj reader them amusing to oIL A. lew woras on the mode of using 
I apparatus may be of service. (Fig. 318.) 




difTraoCjoD appantui. 

B a Tery bright day, for then only can the apparatus be used. 

ice the mirror in the sun, and let the light he reflected on the back 

the blackened screen. The lens which is inserted into this screen 

I then form an ciceedinglv bright image of the sun. Then at the 

■£ of not less than twelve feet, clamp the telescope to a table iu 

a position as to view the image thus farmed. Put the ecceutric 

m the end of the telescope, clean the glass objects carefullT, and 

h them to the cap so that they may be turned each in order bcforf 

[ telescope. In this manner, all those which consist ot a series of 

es may be viewed. Then detach the eccentric cap, and rcplaoo it 

le other. Into it place any of the single objects. In viewb^ some 

a figures, brightness is adTantageous — in others, delicacy ; in the 

It case, let the lens of long focus be inserted in the screen — in the 

cose, that of shorter focus. In ever^ case, let the phenomena he 

ved not only when tbe telescope is in focus, but also when the 

lass is pushed in to various distances. 

r. Wnrrcn de la Eue has ingeuionslj taken advantoco of the colours 
~ ed by thin liLns of Tarnisn, and actually ^rerf the lovely iridescent 
produced in that mauner on highly polished pnper, which is 
"iridescent paper.'' A lank of warm water at 80 Fahr., about 
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sii mcliea deep, and two feet sii inches square, is prorided, and & higlilr 
glazed sliect of white or bhick panec being- Qrst wetted on a perforated 
metallic plate, is then sunk with the plate helow its suiface, care being 
taken to avoid itir bubbles. A peculiar varnish is then allowed lu 
trickle slowlv down a sort of ton^e of metal placed in the middle of 
one of the sides of the tank, and direct! j the vamish teaches ihesDrf^e 
of the water it begins to spread out in exqnisitel; thin films, and bj 
watching the operation close to a window aiul skimming awaj all tlie 
imperfect films, a perfect one is at last obtained, and at that moment itc 

' 'W^ 'yi"? "Q 'h^ nietnl plate is raisedfrom the bottom of the tank, DUii the 

delicate film of vamiBh secured. When dry, the iridescent coionra us 

apparent, and tlic paper is employed for many ornamental purjioscs, 

^^^ An eitremeiy simple sal 

I ^^9^^ pretty method of prodadii;; 

^^^_ ^^HB Newton's rings has been in- 

^^^^^H Ve "!^ vcnlcd by Beade, and Is caikd 

^^^^^V ^Sft 'J^^'^ '^^ ^^^^ °^ "^^ shape (pemii9 

^^^^^^M -J^^^Bb^'^Vii!^^ circular is the best) is painlH 

^^^^H ^ li^B^' I Ur 1 drying black paint or vaniisli, 

^^^^H ^/""^S^^^U^-Jt^iW 'U''jf^ \ *''* other side bw 

^^^^r Vi^'S^V^^SBI^Ji^^ ^ been cleaned, it ia then rubliEO 

^^^^ V^^^2d)\\WJi^SBBi?^ *■ ■^ over witli a piece of wet ao»p> 

r ^^^SfesfC-iJ^^gf^-^ ^^ ^^^ is rubbed olT with » 

I ^^^^^^L:j«^ ^^^r clean soft duster. A tube ot 

r " / about half an boh in diaineleC 

Fig, SIB, Beide'i iriioopo. and twelve inches long, is pro* 

vided, and is held about oa' 

inch above the centre of the soaped side of the glass plate, and dircctO 

the breath is directed down the tnbe on the glass, an immense numbel 

of minute particles of moisture are denositeaon the glass, and these b^ 

infiection decompose the light, and all the colours of the ralubow Br< 

prodoced. (Fig. 319.) 

The iridescent colours seen upon the surface of aather-of -pearl, whicb 
Mr. Simonds' excellent commercial dictionary tells us is " the name fof 
the iridescent shell of the pearl oyster, and other mollusoa," are refer- 
rible to fine parallel lines formed "by its textur^ and are reproducible, 
according to Brewster's eiperimcnts, by taking impressions of them in 
soft wax. The goi^ous colours of certain shells and fish, the fealhen 
of birds, Barton s steel buttons, are not due to any inherent pigment ot 
colouring matter that could be extracted from them, but are owing eithei 
to the peculiar fibrous, or parallel-lined, or laminated (plate-like) surfaces 
upon whicli the light falls, and being reflected in paths of different lengtha, 
mcifeionee occuib, and coloured Lght is produced. 
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This branch of the phenomena of light iaclades some of the tnost 

remarkable and ^r^cons chromatic effects ; at the same time, regarded 

phiJosophicallj, it is certainly a laost difficult subject to place in a 

lurely elementary manner before the youttifnl minds of jnvenile phi- 

inera, and onless the previous chapter on the diffraction of li^t is 

oily eiamined, the rationale of the illustrations of polariised light 

will hardly be appreciated. Wc have first to ask, "What is polarized 

light ?" The answer requires us again to carry our thoughts bock to 

the consideration of the undulatory theory of hght, already illustrated 

and partly explained at pages 26S, 330. 

Alter perusing this portion of the subject, it might be considered 

at WBTes of light were constitotcd of one motion only, and that an ' 

undulation might he either perpendicular or horizontal according to 

;iiCQmstances. (Kg. 330.) 




This simple condition of the waves of light coold not, however, be 
Mconciled theoretically with the actual facts, and it is necessary in. 
regarding a ray of li^ht, to consider it aa a combination of two vibrating 
motions, one of which, for the sake of simplicity, may be considered as 
perpendicular, and the other horizontal ; and this idea of the nature of 
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an undulation of light originated with the late Dr. Young, vho while 
coQsiderii^ the results of Sir D. Brewster's researches on the laws of 
double relraction, first proposed the theorj of transversal (eross-irise) 
Tibratiou. Br. Young illustmted his theory with a Btretshed coni 
which if aeitatcd or Yiolentlj skakeu perpendicnlarlT, produces a vs 
that runs dong the cord to tlie other end, and may be often seen illo 
tntted on the hunks of a river overhuna with high busiies; the hm^em 
who drive the horses pulling the vessel bj a rope, would be coDtmnAUf | 
stopped by the stunted thick bushes, but directly they approach tiim, I 
thcj give the horse a lash, and then violently agiUte the rope vedicaSTi 

9 thrown into waves that pass along the rope, and cleur til ' 



buJsLes in ihe most perfect manner. (Eig. 331.) 




Flic. 311. BugnD*a ttuowliMC Ui tow-n^ : 



getliin 




Fig. 32a. i secUon ._ _ i«u ui"u.L...-ijn.u uuu >. 

vibration, i B md c D. mechuniciil notion of a 




Now if a similar movement is made 
with the stretched rope from right to 
left, another wave will be proauecti, 
which will run along the cord in an 
lioriKontal position, and if the latter 
is comjjated with the perpendionlar 

B uiidulatiDn,itwillbeevident that each 
set of waves will he in planes at right 
angles to and indeptadent of each 
other. TliLs is supposed to be the 
meclianism of awaveof commonlight, 
so that if a section is taken, of such 
an undulation, it will be represented 
by a circle a b C b (Fig. 322), with 

°f two diameters a b, and c uj or a better 
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THE FOLASIZAnOB Or UQHT. 



Bi light is acqnited from tho inspection ot another of Mr. Woodward's 
rtboard modela. (Pig. 323.) 




rig. 323. Model oTi 



light. 



%e existence of aaaltematiag motion o^iomei^'mJatminnteinterTals 

Sa raj is, aajs Professor Baden Powell, " as real as tlie motion of 
atloa bj whioh light ia propagated through space. Both must 
intiall; b« cmtbirted in an; correct conception we form of light, 
t this alternating motion must have reference to certain directiOLS 
toerae to that of the raj is equally established as a. consequence of 
phenomena ; and these (wo principles must form the basis of anj 
anation which can be attempted." A beam of common light is 
efore to be regarded as a rapid succession of ajetems of waves in 
;b the vibrations take place in different planes, 
i the two systems of waves are separated the one from the other, 
the horiiontal from the pcrpendioidar, they each form separately 

a of polarized light., and aa Fresncl has remarked, common light is 
y polariied Iw^hl, having too planes of polarization at rigit angla 
tsoh. other. To follow up the mechanical notion of the nature of 
nzed light, it ia necessary to lefer again to Woodward's card 
e model fFig. 3S3], and by separating the two cards one from 
other it may oe demonstrated how a wave of common light reduced 
b skeleton or primary form is reducible mto two waves of polarized 
t, or how the two cards placed together again in a tranaversal position 
I a ray of common light. (Pig. 324.) 




Hg. SM.— No, 1, Cominoi 



1 light,] 



iDde DP oTtbe two wtTes of polndud 



be query with respect to the nature of polarized light being answered, 
necessary, in the next place, to consider how the separation of these 
isversal vibrations may be effected, and in fact to ask what optical 
agements are necessair to procure a beam of polarized light ? Light 
■fe polarized in four different ways — viz., by reflection, single refrac- 
, double refraction, and by the tourmaliiie — viz., by absorption. 



PJsristtiea if S^ecfitm, a»i if Sagle BeJraHion. 

Ik Oe TCtt ISlOt t^ cdcbnted Freooh philosopheT, Ucms. Mollis, 
' ■* I i;^ •■ L : r I— J I . .* Ik- i:-i.t »f •>.. ..ft;.,. 



fcuotiuJ tbt ft bciB of ]a^t tefleded foun a pbte of glass at nn 
a^ of 56 degica, pMacnted praciselj tbe nine [jroperties as one of Ihe 
iijfi fo>«cd iij t flii»]i of leeUad ^ar, and that it vas in fact pokriiei 
Om ^ tk tiwHTtnal vans of pt^aoHid Ught of the conunon light, 
bdbg (dkcted t* (ko*n off from the smboe of the glass, whilst ik 
fltkr lad sectmd tnasmsal nbniina pasEcd lArotaA the plate dI 
^tta, aod WW Ebwne pobnied in another plane, bat'bj gi«ffle rrjra!- 
tim, M tkit tke »n.MiiMi.l iDnstntes two of the modes of poWisug 
*■ " ' * "■ 1, and In n&^e Tcfiaction. This importsnt ele- 

..^^f.., „ , J. (^^^^^'^ ^, 

. . a beam of commiBi 

^ ^ change ; bat ditecllj" 

bof plates of ^HSOompoBcd of tm plates of thin fiatteoedcion 

, 1...— -*.!.; n.i _i '-'-a used for microseopfs. 

D the beam of cobumi 



E|^t — «iL, hr II ti itiiai. and In sin^e Tcfiaction. T 
■aUnlnti it kntiMr >In>stcBt«l by Mr. J. T 
hna (■ tke tajijirogen poluiseope, br which a I 
Ij^ tmoaea a Inig aqnare tin box without chong 
b«adkof plates of ^HSoompoBcd of tea plates of t 
1^0^ tr axtecB Mtn of tfcm patallel glass plates u: 
■nMltfathe boxatraai^of 56'^ 4$', tben tl 




Ma. fUn tti ftan plifa* ■» nIwntd-^ 
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Wit is split into t\>o 
Mms of polarized liglit, 
ilich pUTBQB tteir re- 

tg by single refraction 

Bough the glass, and the ^ 

per wing reflected, and 

pdered apparent bj 

^niiiig an aperture over 

tB gl^s plates, and then 

^n by using a little 

poke from brown paper, 

|B course of the rajs j-j™. j^a. x i. j 

iBomes more nppareut, orgiiis st an amtie oi «-*>. 

■Thp samp trriHi U wMI Hirllt, withtnmsvpraal vibratiou. 
ine same tnitli is well rcaocUon. b. Light polarU^i b, rv.r..L,.u. 
[nstrated by the card- 

Mffd model vavc and a irooden plane with horizontal :md perpendicolar 
its, placed at an angle of 56° 45', as at Fig. 32G. 

POLAKIZATIOK BY DOUBLE BETKACTIOB. 

The name of i)o«i/e- refracting or Iceland Spar is given to a very 
tear, limpid, and perfectiy transparent mineral, composed of carbo- 
ilte of linie, and found on the eastern coast of Iceland. Its crystal- 
ipaphic features are well described by tho Rer. Walter Mitchell 
(his learned work on mineralogy and crystaUographj, and it is sufG- 
ent for the object of this article to state that it crystallizes in rhombs, 
fd modidcations of the rhomboidal system. It mast not be confounded 
fiii rock or mountaiu ciystal, which, under the name of quartz, ciystal- 
tea in sis-sided prisms with sit-sided pyramidal tops; quartz oeine 
imposed of silica, or silicic acid and calcareoos spar of carbonate <» 
fae. Very large specimens of the latter mineral are rare and Tsluable, and 

tttoB of'^speoicQens of calcareous, or double-refracting spar, is now in tie 
lession of Professor Tencant, tl)e eminent mineralogist of the Strand, 
t is nine inches high, seven and three-quarters inches broad, and five 
^ a half inches thick ; its estimated value being 1001. This beantifnl 
fiecimen has been photographed, and its stcreo^aph illustrates in a 
try striking manner the double refracting properties of the spar. 
H a printed sliii of paper is placed beEud a ihomh of Iceland spar, 
wo images of tne former are apparent, and the stereograph already 
ttuded to shows this fact very perfectly, at the same time illustrates 
he value of the stereoscope. Out of the fitereoscope the words "Stereo- 
fOpic Magazine " appear doubled, but seem to he in the sameidane; 
■t directly the picture is placed in the instrument, then it is cleaily 
'-in that one image is cTidently in a very different plane from the other. 
le double-refracting power oi this mineral is illustrated by holding a 
!lii rhomb of Iceland spar, placed in a proper brass tube before 
D ocilice as at Tig. 337, from which tho rays of conunoa Ught are 
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passing ; if an opaque screen of brass perforated with a small hokij 
introduced behind the rhomb, then, instead of one circle of liglit 
being apparent on the screen, two are produced, and both the rays 
issuing m this manner are polarized, one being termed the ordmary and 
the other the extraordinwy ray, (Fig. 327.) 




Tig. 327. ▲. The condenaera. b. The hole in fhe hnus screen or stop. o. The rhomW 
Iceland spsr. o. The ordinary, and x the eztrawdinaiy, ray, both of which are polarized 
light. 

The polarizing property of the rhomb is perhaps better shown by 
the next dia^m, where a b represents the obtuse angles of the Icelaitt 
spar, and a Lne drawn from a to b, would be the axis of the crystal 
The incidental ray of common light is shown at c, and the oppositely 
polarized transmitted rays called the ordinary ray o, and extraordinaij 
ray E, emerge from the opposite face of the rhomboid. If a black line is 
luled on a sneet of paper as at k k, and examined by the eye at c, it 
appears double as at k k and j j. (Fig. 328.) 




Fig. 328. Bhomb of lodaad spar. 

The cardboard model is again useful in demonstrating the polarization 
ot. light by double xe&actioii» and if a model of aniomb of lodmd 



isoadeof i^s plates, one face of which has sat apertnie like a 
\, and the other a horizont&l and peroeDdicuhu' slit, as at Nos. 1 
i (Kg. 323), the production of the ordinary and extraordinarj raj8 
numstnted in a lamiliai: manner, and is easilj comprchemled. 



I 
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br the ordboiiri moiiel.— So. S, Theoi 
ftriied, OTdlnATT, md utraofdiiurj rajB.- 

Kewton's " Optics" we find the following description of Iceland 
— " This crystal is a pellucid fissile stone, clear as water or crjstal 

rock (quartz), and without colour. .... Being- nibbed on cloth 
acts pieces of straw and other light things like lunher or glass, and 

iquafortia it makes an ebuUilion If a piece of this crys- 

: stone be liud upon a book, every letter of the book seen through 

appear double by means oi a double refraction." 



s mineral was first discovered durinp tlie sktcenth century, in 
Jand of Cejion, afterwards in Brazil, and since that period at 
.s localities in the four quarters uf the globe. In the GrevilHaa 
tion purchased miinj years ego by goremment for the British 
im, tkere is a Erie specimeE of red tourmaline valued at 50O/. 
rcen tourmaline is named Brazilian ememid, and the Berlin blue 
aline is called Brazilian sapphire ; the mineral cliieily consists of 
silica} and alumina, vith a small quantity of Ume, or potash, or soda, 
c acid, and sometimes oxide of iron or manganese. Wlien light 
9cd through a slice of this mineral it is immediately polarized, one 
! transversal vibrations being absorbed, stopped, or otherwise dis- 
of, the other only emergiDg from the tourmaline, consequently it 
of the most convenient polarizers, although the polarized light 
[cs of the accidental colour of llic mineral. Green, blue, and 
r tourmalines lire bad polarizers, but the brown and pink varietus 
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The mineral crjstalli/es in long prisms, whose primitive fortn is 
obtuse rboinboid, hacing the am parallel ta the axis of the prism, 
term axis with refeience to the earth, as sho\m at page 16, 9 
imaginary iiHffle line r" 
which the maas rotates, ' 
crystal it means a single 
because a crjstai is mi 
a number of similar crjatafci 
of which must have its aiii,: 
the whitest Carrara maibb 
duced to fine powder, moist 
with water and placed snj 




chieij of minute rbomboid^i 
lar to calcareous spar. | 
smallest crystal of tbis minS 
divisible again and withoira 
into other rhombs, each oH 



lirgB cijBtal i\ 



axis. (I^c. 3^ 

li a [iiiLc of tonrmalinftil 

,^' before the eyo whilst lo<^ 



1 {like the g . 
I Hogarth's picture who lal 
ie"lir^~'n^stil~poriUeI~to~i"BiJui arrested whilst absorbed wji 
id«,«ioMqn«itJi the terra is empUinxluiiUBllj wouders of a tourmaline.'S 
io tho pluinl nuiobcf ma. ■ j 1 . - , TTJ 

popular curiosity,) it may be turned round ii 

slightest difference in the appearance of the li^t, which will be cc. 

by the accidental tint of the crystal, but if a second slice of touc. 
I is placed behind the other, there will be found certain directions inl 
f the light passes through both the slices, whilst in other positions Us 
r la completely eut of 



THZ TOttaHAUHX. 

^hen tiie axes of both platea coiucidd, the light polarized bf one 
nnaline will pais through the other, but if the axes do not coinoide, 
are at right s" 




iig with perpen- 
lar bars tlirough 

'....■lll.^^ »™ Fto.iM. 1. Model of Ihe firrt «IU.« of (onmulino fata 

Wlllpass. Any BiagtthetHiuverulTib»Lloiiji,B,>cep»sb»ri th«li°ri»>iit>l 

berof such grat- van hibiorbBL.MidthBpetpimiiiaalarpolMizKionsproceedi 

■wilh the liars '" "" «cond lUcs of WonnaltoB, c, where Iho bars (llo ftiM) 

wuu lUB uara bdnj it right idkIm lo thoK of i, 11 it ilopiwd, and cmaoi 

llBl WOUlil not pasa Ihrongh ontiJ tba bEHi of tre jumllfl niUi X. 
tbB polarized 

, but if the second gratiiig is turned round ninety degrees, the bare 
be at right angles to those of the £rst grating, and the perpen- 
ar wave of polarized light cannot pass. (Fig. 332.) 



Splendid Ckrotnalic electa produced by Polariied Light. 



various modes of obtaining polarized light, the 
step ia to arrange im apparatus hj which cert^n double ceiracling 
sis, and other bodies, shall divide a raj of polarized hght, and then 
ibaequeat treatment vith another poluizing surface, the divided 
are caused to interfere with each other, and afford the phonomeaa 
ilour. Bodies that refract light singly, such as gaaea, vapours or 
da, oncealed glass, jell;, gums, resma, cryat&Uizcd bodies of the 
ibr system, sach as the cube and octoliedron, do not afford any of 
'eaulta which will be explained presently, except by the influence 
esSDTC, as iu unannealed glass, or a bent cold ?laas bar. £; compres- 
or dilatation, they are chacged to double refractors of hght. Tlie 
;h that possess the property of double refraction (though not to the 
le extent of Iceland spar), are all other bodies such as crystallized 
lioaU, salts, crystallized minerals, aniraal and vegetable substances 
easing a uniform structure, such as horn and quill; all these sub- 
;es divide the ray of polarized light into two ports, and bj placing 
n film of a crjatal of selenito (which is one of toe best minerals that 
X used for the purpose} in the path of the beam of polarized light, 
ng either from the glass plate.", as in No. 2, (Pig. 335), page 338, 
Dm u slice of tourmaRnc, and then receiving it through the ordinary 
ling lenses or object-glasses of the. oxy-hydrogen microscope, no 
ir IS yet apparent in the image of the seleaite on the screen, until 
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another toonii aline, or a. handle o( glass plates, is placed at an angle tt 

66° 45', and at right angles to the plane of reflection of the first set nL 

plates ; tben the most gorgeous colours suddenly appear over all paria of | 

the film of selcnitc as depicted on tLe screen, like other objects shorn T 

bj the oxj-hjdrogcn microscope. (Fig. 333.) 



i 




fig. 333. DDbneq'a poliirizlng >[ipantiu, i. Tlif li^ht and tbe HodcDwr IeW 
B. Tbo pblM at kIsh u the nroper mgle. c. The seleulle object, n. Tto fucneni 
lau. 1. The locond bundle ot plsU> at gluii called the raidTser. w. A etop for a- 
tnuEDSa nji of Ut^t. a. Tbeimiigeofthemniaf Belenitemoet^KsutlfUlljcolgiirsd 

le of the most convenient, 
refracted polamed raja can be rendered 
BTBilable ; it consists of the apparatus shown at Fig. 3S5, and to 
this ia added a low microscope power, and stage to hold the setenite 
or other objects, with another bundle of sixteen plates of the thin 
microscopic glass or mica, called tlie awUjser. A slice of toarmatine, 
or s Nicol's pri^m m&j be employed, instead of the second fanndle of 
reflecting plates. When the raj of polarized light reflected from the 
first set of glass plates enters the doubly refracting film of selenite, 
which is about the fortieth or fiftieth part of an inch in thickness, it is 
split into the ordinary and eitraordinarr rays, and is said to be dipola- 
nzed, and forms two phuies of polarized ligot, Tibrating at right angles 
to each other. Wten the latter are received on another bundle of plates 
of glass called the analyser, at an angle of 66° 4S', but at right angles 
to the first set of glass plates, they interfere, because in the passasie of 
the two rays from the selenite they have traversed it in different direc- 
tions, with different velocities ; one of these sets of waves will therefore, 
on emerging from the opposite face of the selenite be retarded, and lie 
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M tbe ol.her; but heb^ polarized in different plimea, they cannot 
WBfltil theii planes of pobLrizatiou are made to coincide, which ia 
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of ^jku oufl^ tbe imalsKr >, prodocc reflected chnDutJa eS^wU bj kitor^ 
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dfcelel I7 MnDS of the tecond traniSe of giass plates called the aciljseri 
tad wk^ thb it hro^^ ialo a position at right angles to (he Erst set 
:^Mi platan half the ordinarj ware interferes vilh hilftbB 
tj vare; ud bans tRumuitted throogh the anilTser, 
y ted and (amg^ wtnlat the remaining halves also iulfrfeie, 
bd the coBplementaij coloois pe«n and blue. 
a nmpltmrmtmij u inteoded to define inj tvo 
S ltd, jdlow; and blue, beonse the thne owhiDed 
toictkcr ntadacc vUte li^t ; (tk ciample, the cooiplementar; colour to 
ndwoald be greea, bwaose the latter contains jeibw and blue; tbe 

1 . 1__^ jjj orange Toold be blue, because the fonDB 

^ _iow, Anj two coloDts, therefore, vhidi loptiff 

led, jdkv, and bloe are said iaiiemmpiemat/ary; sudu tlia 
~ «ia better undostood, ladies woaM never commit )ui^ ■ 
I falonden as ther oocaakmallj do in the choice of cokxns to 
.. Bsd diesaei^ and sdect a bine bonnet to be vom with t 
drat, or ttte tend, Bj rotatina the analjsec, the reSecttd 
lefraeted lan change coIobis, and if the fonner is led lad Ac 
green, bj moiing the analyser round 90°, the reflected lajs dui>E° 
sea and the imicted to red ; at 1S0° the coloun a^aln cbii|s 
■•i at 37V the reflected ta; «ill be again green, and die refniUd 
_ : to be oaee man bmoght back at 360' to the original positioii,ni, 
niuXui. aqt red, refracted green. The thickness of the filiti <i 
tfJ'T'fT' detamines tbe paiticaLai eoloor produced. 

If tke tAaate ii of a nnifona thickness, one colonr only is obtiiuedi 
and ^ ingeniaaib connecting pieces of various thickne^es (in tbe euW ■ 
Itaaa aa atued gbss for cathedral vindows), tlie most beautiful design I 
vac mait far tbe late Mr. J. T. Coo[|er, Juil, which have since Men I 
■laifwleim in gnat qnantitv and variety bv Mr. Barker, of PaiadiK- I 
' lite eolouts of these selenitc objects are seen b] 1 
not td a piece of black glass, fixed at tbe polariumr ] 
g the desi^ with a slice of tonrmalinje, or itil 
e Kicol pnam, vhen the most brilliant colons 
4^ at every chan^ of the angle of the analyser. 
r ^HiTT^Tpsimi, is the native crvstallued sulphate of Ike, 

BswatworavsIalliia£im(CaO,SOj.aHO). Itfreqnentlj 

oeem iaibcdded in Lonaon clay, and is called f tarry glau by tbe 
Uhounn wbo find it at 8holov^ Hill, near Oxford, ana also in the 
UeofSh^p^. 

At a ray early period, before the discovery of glass, selenile ms used 
for windows; tuid we are t(dd that in the time of Seneca, it was im- 
poried into Borne frran Spain, Cypros, Cappadocia, and even from 
Abica. It continued to be used for tliis purpose until the middle ages, 
for Alimas infoims lis, that in his time, (he windovs of the dome of 
Hnsebui;; were of this imneral. The Urst greenhouses, those invent«l 
by Tibenus, were covered with setenite. According to Pliny, bee- 
hiiea were encased in seleiute, in order that the bees might be seen at 
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He late Dr. Pereira has ptaMd lie | 
lis fonn of a most instractiTe du^ 

diborate work on " Polarized Light. 



alreadj described in 
m, vhich ve bonun- from his 

(Fig. 336.) 




B. The donUj-. 
--. . produced br the 

.. _. j.,^ ^ _^ __.._ ig or Kiool'i prum). 

Tlie exlrtdnUiujj ruf. t«odaud b? the oooble reftwrtiDn of 
o- The ordiurj i^, o l Tbfl atndrdinuy nj, prodoocd ti^ 



ti dooUfl relncdocL of flu ordiiiuj 

Tbe chromalic effects described are not confined to selenite otqeots 
onlj, but are obtained from ghss, provided the particles arc in a state 
of mieqaal tension, as in masses of uoannealed gloss of Tarious forms. 
(Fig. 337.) CoMequeatlj, polarized light becomes a most valuable 
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alwi fbr the poliriicono. Nob. i ond 3, AppeiinmM of th 
in M tqunro imd circulu {diK-e of qiuuinealed glm in a 



nesas for ascertaining the condition of particles otherwise invisible and 
oappreciable. One of the most beautiful eiperimenta can be made 



vitli ft Iwr of pUte-gli 



TB FuxBODE or Bcmfcs. , 

., which refracts light singly tintil prossMe a 



centre, in order to bead it into ai 




Tig. S38. 1 I. Bu of glUB nndH 
Mm 0. ud uipunnce of banda i 

light, whkh mtaelj diuppen un tbe 

Ad eStet, of mnrte, on); iIiiblB b; poluiuil light. 



appnrent. 

Aguill placed in tk 
polarizing apparatus is 
also discovered to be 
in a state of oncquol 
tension by tlie appeni- 
ance of coloured miig« 
mtliiiL it, which change 
colour at every movB- 
ment of the analyser. 

Another aenra eC 
beautiful appeatanW J 
present themsslvtt-jl 
when a ray of ^hitt^ll 
polarised light is id*4b t 



polansed light is nuulB 
to pass perpendicnlarly throu^^b a slice of any crystallized substance 
Nritli a single aiis; if the analyser consist of a shoe of toarmaline, > 
number of concentria 
coloured rings are rea- 
dered visible with > 
black cross iu the cen- 
tre, wbich is replaced 
mth a white one oa 
movinB the tourmaline 
through each quadrant 
of the circle. 

Crystals of Iceland 
spar present this phe- 
nomenon iu great 
beauty; and if the 
crystu (such as nitre) 
has two axes of double- 
tefiAction, a liouble- 
aystem of coloured 
riugs is apparent, with 
the most curious 
changes and combina- 
tions of the black and white crosses with them. (Fig. 339.) 

Mr. Goddard has reeommeaded the optical arrangement (Fig. 340) for 
showing the rings with great perfection, as also the number of rinsa 
that increase in some crjstala Tthe topaz, for eiample), with the 
divergence of the rajs of polarized light passing through them. 
Mr. Woodward's table and oiy-hydrogen polariscope and mio 
made by Smith and Beck, of dolemau-atreet, is well adapted, from ^ 




Fig. 338. Ci)'iti 



poluiitid light. 
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"aplioity a 



' POLARIZED LIGHT. 



^Jnty and perfection, to exhibit nil the varied and beautiru! eiFecta 
"1 inlarized light; and we oulj regret that want of apiee prevents ns 
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describiiiK it in detail, although the reader may see the body of the 
(aparatus at page 123, where the modificstions of the oxj-hjdrogen 
.luht are dcscnhed and figuied; and the polarizing apparatus would be 
^ced, of course, in front of the light isanin? from the lantern. 

Finally, the question of utility (the cui oomo) may be considered in 
'answer to the query, Whit ia the nse of polarized light ? 

The value to scientific men of a knowledge of the nature of this 
modification of common light cannot be overrated. It has given the 
■philoaopher a new kind of test, hy which he diacoi'ers the structure of 
ihingi that woulil otherwise be perfectly uuknomi.; it has given the 
■stronomer increased data for the exercise of his reasoning powers: 
whilst to the microsoopist the beauty of objects displayed by polarized 
light has long been a theme of admb^tion and delight, and has served 
ta a guide for the identiJlcatiQU. of certain varieties of any given sub- 
■tAnce, SQch as starch. 

A tube provided with a polarizer of tourmaline, or a aingle-image 
Hicol prism, is invaluable to the look-out at the mast-hcaa in cases 
where vessels are natigating either inlaad or sea water, where the 

Cenoe of hidden rocks is suspected, because the polarizer r<^ecta all 
glw^ of light arising from uuequal reflection at the surface of water, 
tnd enables tnc observer to gaze into the depths of the sea and to 
examine the rocks, which can only be perfectly visible by the refracted 
Kght coming from their surfaces through the water. 

Professor Wheatstone has invented an ingenious polarizing clock for 
ahowing the hour of the day by the polarizing power of the atmosphere. 
Birt, Powell, and Leeson have each invented instruments tor eiamining 
the circular polarizatioa of fluids, by which a more mtimate knowledge 
of the relative values of saccharine solutions may be obtained, besides 
nnfotding other truths important to investigators in this branch of 

And last, but not least, it was with the assistance of polarized light 
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that Dr. Fsradaj establialied the lektion that exists bel'veen light an| J 
magneti^ni, and [hraugh the latter, with the force of electiiMtj; un^ 
the ncit figure indicalea tlie necessary apparatus required to repeat Im 
Lighlj unportaot plijaical truth — vLt., tlie detiation of tlie plane of 
pounzatioa of light hj the influence of the luagnetic force frQin a 
powerful electro-magnet, (Fig. 3il,) 
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By another and equally beautiful eiperiment at the London Institu- 
tion, Profesaor Grore demonstrated the production of all the other kinds 
of force from lieM, nsinj; the foEowing arrangement for the purpose : 

A prepared daguerr&tjpe plate is enclosed in a boi full of wat«r 
having a glass front with a abutter over it ; between this glass and t^ 
plate is a gridiron of silver wire ; the nlate is connected with one ei- 
tremitj of a galyanonieter coil, and the gridiron of wire with one 
eitremitj of a Breguet's helix ; the other extremities of the ealya- 
uometer and helii are connected bj a wire, and the needles brought to 
zero. As soon as a beam of either daylight or the osj-hydrogen light is, 
by raising the shutter, permitted to impinge upon the plate, the needles 
are deflected. Thus, light being the initiatory force, we gt ' ~ 

CAewiiail aetioa on the plate, 

EUetrieiiy circulating through the wires, 

Magnetim in the coi^ 

Bmt in the helix, 

Melioa in the needle. 

Such, then, are some oE the glorious phenomena that we haye en- 
deiToured to explain in this and the preceding chapters on light. 
Here we haTo noticed specially bow completely we owe their appre- 
ciation to the sense ot si"ht operating through the eye, the organ of' 
vision. Well may those who have lost this divine pft speak of thi|^ 
darkness as of a lost world of beauty to be iiradiated ody by 
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lore enduring light ; and moat feelingly doca Sir J. Coleridge 
on this point when he says : — 

mceive to jonrselvcs, for a moment, what ia the ordinary enter- 
!iit find comersation that passes around any one of jour family 
; how many things we talk of as matters of course, as to the 
landing and as to the bare conception of which sight is abso- 
necessatr. Consider, usaiu, what an affliction the Joss of sight 
w, and that when we talk of the golden sun, the bright stars, the 
M flowers, the blush of spring, the glow of sammer, and the 
ig fmit of autumn, we are talking of things of which wc do not 
'to the minds of ihese poor creatures who are bom blind, aaythine 
1 adequate conception. There was once a great man, as we all 
in this country, a poet — and nearly the greatest poet that 
id has ever had to boast of — who was blind; and there b a 
e in his works which is so true and touching that it esactly 
les that which I h^ve endeayoured, in feeble Iwiguage, to paint. 
I saja : — 

'ThuB with the jcar 

DftTf^i^thfl Bweet approach of ^cn, <ir morn. 
Of light of TeroAl blwMD, omiiDai«r'i roae, 

Bmroimdi mfl ; (roiu tlu dhe^IU w^i ofmen 
Cut (Amid Ibr the book of knoitUdKe Mc 



BUns Ininud, tDd tte m 

tosdiit*; lliereplintO]-. , 

Porae And dlHpene, tfaab I may see and tell 

OrthlDga iniisible W mottol Eigtit.- 
■eat poet, when intent upon his work, sought for celestial light to 
plbh it. And this brings me to that port of the labours of our 
Institutions upon which I dwell the most and which, after all, ia 
laiest compensation we can afford to the inmates for the affliction 
affer ; and that is, the means we provide for them to read the 
L Word of God, which they can read by day as well as by night, 
kt in theit case ia — ' *''' " 
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Tbbotjghoet the greater numoer of the preceding chapters it will be 
evident that the active properties of matter maj be summed iip iindet 
one general head, and may be considered as varieties of attraction— such 
as tlie attraction of gT^ivitatia)!, cohesive attiactioD, adhesive attraction, 
attraction of composition (or chemical attraction), electrical attraction, 
m^elical attraction. 

TIjc absolute or autocratic ajstem docs not, however, prevail in the 
works of nature; and she seema evtr aniious, wlulst impartiug 
great and peculiar jiowers to certain agents, to create other forces 
which may control and balance them. Thus, for instance, the 
great force of coheBive attraction is an ever-preaent power dis- 
'' ' ''■''' t if this dgent 



cemible, as nas been shown, in solids and liquids ; 



THE BOITBCES C 



353 



^ allowed lo run riot in its full slrength and intenaitj, it vonld 
aioallj hold in subjection ali liquid matter, and e^ery drop of water 
Mch is at present kept in. the liquid state, would succumb to its icon, 
nlc, and retain the solid state of ice. Henc^ therefore, the wise 
■nation of an aEtagonistio force— viz,, heat; wliioh is not provided in 
■Dj niggardly n&uner, but is liberally bestowed upon the globe from that 
VlUnfflcient and enormous source, the snn. Audit is by the softening 
)Ud liquifying influence of his raya that fee greater proportion ot the 
Ibater on the surface of the globe is momtained in the fluid condition, 
hd is enabled to resist the power of cohesion, tbat would otherwise 
Ism it all, as it were, to stone. 

I Cohesion, electricity, and magnetism fnlly embody the notion of 
bowers of attraction, or a draining lo^eiker ; whilst heat stands almost 
baoe in nature as the type of lepulsiou, or a driving back. 
I lilechanically, repulsion is demonstrated by the reboimdof a ball from 
■e gKnmd ; the pwla which toaeh the earth are for the moment com- 
pesaed, and it is the snbseqaent repnlsioo. between the particles in those 
Hits which causes them to expand again and throw off the ball, 
frhe development of heat is produced from various eauaea, wliich may 
H regarded as at least four m number. Thus, it was shown by Str 
Hninphrey Davy, that even when two lumps of ice are rubbed together, 
fcficienl ueat is obtained to melt the two surfaces wMcb are in contact 
|rith each other, friction is therefore an important source of heat, 
Hsd one of the most interesting machines at the Paris Exposition oon- 
&ted of an apparatna by which many gallons of water were kept in the 
^(uliiig atate by means of the heat obtained from the friction of two 
(upper discs against each other. The machine attracted a good deal of 
attention on its own merits, and especially because it supplied boiling 
'jl&ter for the preparation of chocolate, which the pnblic was duly 
ras boded by the heat rubbed out of the otherwise cold discs 
t copper. When caimon made ou the old system are bored with a 
"'" '^ is necessary that the latter should be kept quite cool with a 
supply of water, or else the hard steel might become red-hot, 
d would then lose its temper, and be no longer capable of performiiig 
J doty. 

[ Count BnmfordcndeaTonredio ascertain how mnehheat was actnall; 

^lerated by friction. When a blunt ateel bore, three incheH and a 

If in diametiir, was driven against the bottom of a brass cannon seven 

dies and a half in diameter, with a pressure which waa equal to the 

ight of ten thousand pounds, and made to revolve tbirty-two times in 

i^Bunate, in forty-one minutes 837 grains of dust were produced, and 

'w beat generated waa sufficient to raise 113 pounds of the metal 70° 

-*■ — '■eit— a quanlitv of heat which is capable of melting six pounds 

Jf of ice, or ot raising five pounds of water from the fteezing 

ji^the boiling point. When too experiment was repeated under water, 

O gallona and a half of water, at G0° Tab., were made to boll in two 

- ^ and a half. 

U affinity has been so often alluded to b 
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power in evokiiffi beat. Wiien a bit of the metal sodium is pla 
the tin oC a knife, and thrust intn some warm quicksilver, or if s pellet 
of sodium and a few glohules of merGuiy are placed on a hot plate just 
taken from the oven, aad then gentl; squeezed together, a vivid pro- 
duction of heat and light is apparent ; and when the mixture of tliB 
two metals is cold, it will be found that the quicksilv" ' " '--'^-'^- 
fiatditj, and a solid amalgam of s ''' ' 

gradually, bj eipoaute to the 
mercnrj bebg set free, whilst tlie sodii 
Just as an oniinarv alioj of copper and gold used by jewellers would 
lose its colour andorilliaacj by the osidation of the copper ; aod "bai 
the mstj, dirty film is removed bj rubbing and polishitig, the snrface a 
again brilliant, and remains so until another film of the exposed coppct 
is attacked ; in like manner the sodium is attacked and chan^ bj tht 
oxygen of the air, whilst the mercury being ntmtt'ected retama its bril- 
liancy, and aX the same time regains its fluidity. The eTolutioQ of belt 
in the above case indicates that a chemical union has taken place betvUB 
the two metals. 

Examples of the production of heat by electiicitj and mngiiDtiiB 
have been abundantly shown iu the chapters on these subjects ; and one 
of the best illustrations of this fact has been shown on the occasion of 
the opening of the telegraphic commnnication between France and Eng- 
land DY means of the submarine cable, when cannon were fired altcmil«Iy 
at both ends of the conducting cable by means of clectricilj, and tha 
event thns inaugurated in botli countries. 

That heat is a product of living animal organization is shown, as it 
were, visibly by the marvellous phenomena that proceed in our own 
bodies. People do not very oftea trouble therasclvea to asfc where the 
heat comes from, or even to think that this invisible power must be 
maintained in the body, and that slow combustion, or, as Liebig terras 
it, erfmacaiMij, must continually go on inside our friul mortal tenements; 
and more tlLin this, that we cannot afford to waste our heat. If tlie 
body is deprived of heat faster than it can be generated, death mmt 
inevitably occur; and a very melancholy instance of this remarkable 
mode of death has lately oocnrred in Switaeriaad to a Eussian gen- 
Ueman. 

Such another instance of a man heins slowly frozen to death within 
sight and sound of other beings, through whose veins the blood was 
flowinsf at its accnstomed temperature (about 90° Fahr.), it would be 
difficult to find, and it stands forth, therefore, as a marked example and 
illustration of the statement already made, that living animal organisms 
are truly a source of heat, which is as essential to the well-being of the 
body as meat, drink, and air. 

Heat is of tvro kinds, and may be either apparent to our senses, and 
therefore called leiisible heat ; or it may be entirely concealed, aithough 
present in solids, liquids, and gases, aod is then termed Uteiuitilt tx 
ialeni heat. 



ft firat effect of this force is a demonstration of its repulsive agenoy, 
lie dilatation or cipaDsiau of the three forms of coatter whilst under 
Ifluence of heat, admits of very simple illustrations. The expansion of 
Bd substance, as ' " ■ ■ ' " '' ' •■< ■ 

carent hj fitting 
U brass cjtiniler 
a proper metal 
kwhic! 

y filed so as to 
If the fanner 




the latter 



capable of receiving it. {Fig. 343.) When, how- 
□olcd, the opposite result occurs, the particles of 
t return to their old position, and contraction takes place ; hence it is 
3 that " Bodies expand by heat and contract by cold ;" and it is 
b to state here that the term "cold" is of a negative character, and 
tr moans the absence of heat. 

pd bodies do not expand equally on the application of the same 
Bit of beat ; thus, a tar of glass one inch square and one thousand 
jl long would only expand one inch whilst heated from the freezing 
B boiling point of water. A har of iron one inch square and eight 
led inches long would expand cue inch in length, through the same 
le* of beat ; and a, bar of leiul one inch square and three hundred 
fftj inches long would also dilate ane inch m length. Hence, 



Lead expands in volume . . 



Iro 



. ^th. 
■ Trfecth. 



_ __^ a of the metals is well illustrated bj an csperi- 

Heriaed by Dr. Tyndal, the respected Professor of Natural Pliilo- 
fl the Royal Institution of Great Britain, and is arranged ns 
—A long bar of brass and another of icon are supported, on the 
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e pntidn flf iKta^, a 

much hann. Xmsn^ made nt i 

be heated torn a tcoiperatmc of 3^ fatr. to SU° Aik, l 

Uwt the expansoQ of the ball exerted K fane «fHl to MOO ■ 

—!.«. 4000x15 — 0iieTer7sqaai«ia(l<ifiwfiKC^ar«|NaH__ 

thirl; niUioiu of poands; ue cntn of calf 1S0° oliulmia 

iphcrp produced thia remartuHB wwJt. jart -^ ' ' ■ ■ 

a linglo drop of wster coDUina » wlfaeiit 

duco a Tctult eqnat b) the most poverfnl ft 

elMtridtf of quantitT in the drop of mia n naretted^ 

of high tension or ioieiBtty. 

'fiin Tjraoticai applications ijf this Trdl-knom_p 
mpoolto liwt wo rery niunerons; thus, the m 
hIwihi inailo "■ Ii^'Ib larger than the requisite ^le, in order to iL 
the rxpiiniion of tlic hot Hqoid lead, and the coDUaettonof g 
lllttii], Tbo llrei of wheels and the hoopa of casks are nsualij fT 
Klliiiillut) lu order Hint tbcsobseqaent oontnctionmaf laadtl" 
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lies, or the stoves, closely together. If an allowancB was not 
For the eipansion and contraction of the iron, rails on the penna- 
6JS ot railroads, the regularity of the level would be cotatantly 
red, and tlie position at the rails, chairs, and sleepers would be 
eriously deranged; indeed it is calculated that the railway bars 
:n London 




being alter- 
heated, es- 

tieht, then F'K aiS Thcjron frame »itliocwr™BhlLrQnb.rli.-,lfdby 

indcontract n'^ors^d ^"t^ t'" " Mmm™i'^ wVs w™uBht"iro^ 

adually cor- rod c c, it is Bcmwed up tight bj the nut s. o Q. The indi.. 

the bdlfinR »tta^iied totheironrrameK^reweinp wbcnhot; theanmcoiEe 

,1 ,p '^ toffotber at F, and Beparnto fortber to H a u the i!ODtfiictioD 

the walls or uka plsu bj cooling tbe bu c o. 

Bupnorts of 

jnildinga. The principle of these fasious practical experiments is 

iilnstrated by means of an iron frameworkwithabar of iron placed 

h both its ii])rights, and screwed tight when hot ; on coaling, con- 

a occurs, which ia shown by a simple index. (Ffe. 345.) 

IS often been remarked that there b no rule without an ejcep- 

id this applies iu a particular instance to the law that " bodies 

, bj heat and contract by cold" — viz., in the case of Rose's 

metal, which consists of 

Two parts by weight of biamnth, 

One part „ lead. 

One part „ tin. 

lake the allor properly, the lead is first melted in &a iron ladle, 
this are added first the tin, and secondly the bismuth ; the 
is then well stirred with a wooden rod, and cast into the shapa 
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■ tk pjrometcr and heated, the bar expands pro- 
ndm ■ temperatnra ot 111" ifahr. ; i( then begins M 
^ifHj tktrtated, nnti] it uiiTca at 156° Pahr., when it 

■ dcBun, and occnpiea do more space than it would 
^ rt Ike fimiin niiil A nter. Tbe bar, after [osaiiig 156°, again 
Myfc, nd fiiJlj' mdU at ibout 201°, which is 11° belaw tk 
heMffoiHt of viler. FnsiUe metal is sometimes made into t(3- 

' ~ \ BcAca and mdt down irben stirred in a cap of hot tea cr 
b to tke peat mrpiise anA bewilderment of the victim of 

■ i( b^Uari; demonstrated with a bit of toasted 
p m eoaseqnence of the surface exposed to the £m 
"nti—'viK wan noidlj than tiie other -, and the same fact is illos' 
tntad viA nafoiaa Sat and thin bars of iron and brass, whiiJi are 
timk mA ri n ttrftenetto'; wbcn heated, the compoand bar cDrves, 
haewM tkc ■«■ ioet not expand so lapidk as the brass, and of couN 
fiMMi tte iateMT of tbe enrr^ vhikt the brass is on the c&terior, 

1W "FfMW* vitk tbe CMnpooud bar is made more conclnsire ml 
MiiWitMp hy aniagii git Tith a Yollaic batter? and pblinum lamp- Ono 
<C tfca mcs horn tka hatteij is conuacted nrith tfte exttemitj of tiie 
I CDHfOMd bar, Sm4 a« loag as it remains cold, no carve or arch is vn)' 

4m«4 ^ *^ kct ■■ ^^lied. (be bar carves upwards, and toncmng 
I tis mbm «in of Aa faatterj, tlw dicoit is completed, and the plstiwiiii 

iMV it wa(£aU^ ignited. (Kg. 316.) 




cotttnetion of liqoids by heat and cold 
mtk wbieii admits of ample illuitiatif 
to tbat most nsefol instrument called tli 

Vk tiA 11 fitted «ith a eoA. through ithich a long glass tube, opei 



1m TfT t— "" and coutnciton of uqoids by beat and cold is alK 
Hnlkv VMMrtaiy truth wbieii admits of ample illuitiatioii, am 
MmA ti fro^t'''* * tB to that most nsefol instrument called the ther 
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at both ends, la passed, end then carefnllj filled witb wnter colonred 
I a little solution of indigo, so that when the cork and tube are 
placed in Ihe neck, all the air is excluded, a rcogh thermometer is Urns 
oonstmcted, which, if placed in boiling water, quicUy indicates the in- 
creased temperotnre bv the rising or expansion of the colonred water 
' "le the flask, (Pig. 3i7.) 




Auaioa ofa '. 



IB piston Bud rod a I 
lipoid bj beat. 



The thermometer embraces precisely the same principle as that 
already described in Pig. 3i7, with this difference only, that the tuba is 
of a mnc!i finer bore, and the liquid employed, whether alcohol or 
menntry, is boiled and hermeticallv aealed in the tnhe, so that the air is 
entirely excluded. To make a tnermometer, a tube -with a capilia^ 
bore is selected of the proper length ; it is then dipped into a kIom eon- 
tainin^ mercurv, so that the tube is filled to the length of half an inch 
with that metal. The half-inch is carefully measured on a scale, and 
the place the merenry fills in the tube marked with a scratching 
diamond; the mercury is then shaken half an inch higher, and a^^oin 
marked, and this proceeding is continued until the whole tube b divided 
into half inches. The object of doing this is to correct any ineqimlitiea 
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s of tlte bote of tbe glaa tub^ heea iue if mdei it ok 
pwt than aaotW, Ike ^«ces filled will) tike nercui; tat not eqsal; 
M the bore tt maOj ccnkal, tlie careful nwasnreiDeiit of tbe tube 
wilk tike half inch of oiemitT in the fint phce citcs the operalai 
at OBce B nev of the jntCTiar of hb tobc^ nd enables h' 
it caoMtl; afierwuda. (^. 348.) 




3 him to gnduatt 



The OEIt atep U to beat one extremity bj the lamp and blowpipe, and 
-whilit hot, to blow out a ball npoa it ; if tbta operation veie pu- 
fonaed with the month, moiatore from tbe breath would deposit issisls 
the fine bore of the glass tube, and injure the perfection of the ther- 
mometer afterwards. Ib order to prevent an; deposit of water, the 
tnlb ii bbwn ont, whilst led-hot, with the air bom a small caoutdouc 
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ded lenEih of Ihs Ibiiniiometer is thown It the 
«aDd bulb placed abore tho croo. 

bag fitted on to the other extremitj if 
the tube. The operator now marks nff 
the intended length of his thermometer, 
and above that point tlie tube is again 
softened with the tLame and blowpipe, and 
a second bulb blown oat. (Fig. 349 a.) 

The open end of the tube is now placed 
nnder the surface of some pure, clean, dr; 
quicksilver, and heat being applied to the 
upper bulb, the air expands and escapes 
through the mercury, and as the tube 
cools a vacuum is produced, into which 
the mercur; passes. Bj this simple me- 
thod, the mercui; is easiij forced into 
the ttibe, as otherwise it would be impos- 
sible to povr the quicksilver into the ca- 
pillary bore of the intended thermometer. 
(Fig. 3i9 i.) 

"The tube is now taken from the ghiss 
containing the mercury, and simpij in- 
verted; but in consequence of tlie very 
narrow diameter of the bore the air wifl 
not pass out of the first bulb until heat 
is applied, when the air expands, and the 
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1 of tkeaocvTBtfetabe, 

iMtabekmclialbnU. Hoi k doM 1^ destcra^ 
Jr fate «A tk ctM* winbt Ifce ■BCB7 m tk finl Wb a alill 

Mvi^Uo>p^t)wMvdWb Ba^nlcd fan tk fast 
■ <i^ So. ^ X^ 3S0), ^ tk tkcnoMfax tube at krt 



uBtsnliig the leqniiiH quotitj ol mercorjl 



mercorj, heiniet£iilj te 
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In order to jirocarc s fixed starting-point, ilie thermometer tube it J 
' pUued in ice, vitli a acalc attached ; tno temperature of ice never varieg, 
it is ilwaya at 3S degrees. When, therefore, the mercnij has suuk to 
the lowest point it con do by eipoaure to this degree of cold, the place 
is marked off in the scale, and represents that position in the graduated 
scale wlicre the frcMing point of water is indicated. 

The tube is placed in tne nex.t place in a tcssbI of boiling water, care 
being token that the whole tabe is subject to the beat of the wal«r and 
the steam issuiiig froni it, and when the mercurf haa riaen to the highest 
position attainable by the heat of boiling water, another n^uatioD is 
made which indicates 212 degrees — viz., the boiling point of water. This 
graduation should bo made when the barometer atanda at 30 inches, 
because the boiling point of water varies according to the weight of the 
mperiucuDibent air pressing upon it. 

Between the graduation of tne freezing and the boiling paint of water 
the space is divided into ISO parts, w^ch added to 3^ make up the 
boiliogpointot water to 213 degrees, being the graduation of Pahreuheit, 
who was on instrument-maker of Hamburg. Why he divided the space 
between the freczioRandboilii^ point of water nobodj appears to know, 
nnleas he took a half circle of 180 degrees as the best division of space. 
If the thermometer contains air the mcrcnr; divides itself frequently 
into two or three slender threads, each separated from the other in tba 
capillajj bore, and thus the instrument la rendered useless nntil the 
tbreftds again coalesce. If the thermometer has been well made, and 
is quite ^e from air, it may be tied to a string and swung violently 
lOimd, when the centrifugal force drives the slender threads of mercury 
to tbrar common source — viz., the bulb containing the quicksilver, jinn 
the whole is o^ain united. The string most be attached, of course, to 
the top of the thermometer scale. 

"When travelling on the Continent it is sometimes desirable to be 
able to read the thermometers which are graduated in a different manner 
to that of Fahrenheit. In France the Centigrade scale is preferred, and 
in many parts of Germany Reaumur's graduation The diSerenoe a' 
the graduation is seen at a glance. 

In the Centigrade the freezing point is 0, the boiling point 100*. 
„ Ecaumur „ 0, „ 80*. 

„ Fahrenheit „ 32°, „ ai2*. 

The number of degrees, therefore, between boiling and freezing j 
100 ia the Centigrade. 80 in Keaumur, and (212 —32, that is) 180 M 
Fahrenheit. 

If, then, tie letters 0, R, F, be taken to denote the number of di 
from the freezing point at which the mercury stands in the Centig-.. 
Beaumur, and Fahrenheit thermometers, we have the following j 

..\ 100: 80 ;: C : E, whence C = f of E, or a = j of C. 



(a.) 180 : 100 :: F ; C, whence F 



ofC, . 



: P. E. whenoeF = JofE,ora 



C=jofF. 
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The kZcwias saamus r-il aarr ^--jt ii xtl- lj^ 

Ceniizrue'saaiL' V* uavr I ^ - u\ i ::; i:j. -iie. , ; c: r: = oi . 
thix is, 'jut Osoigruut suoul a: J.'' 









inrinu.' i-nifin-iit' 



if I ic:^ ^'jxcanme ^ mzi^ur^ <j: i«.r ^n-t 



i liiiC!::t TnniiL Tllf Tin 



T il'ti- , lut jixwsjK tnjii xif lilt ir«iii;r eiiu'iit*-. x -zmr ^ zcri^— iiuc j 
tauL 13 vagat it 'jusxl 



\rr ones WBiL 'w.vms tizw:.. 
tVi* — ]■ f. ii ng rrq ♦rynnutiidur 
o i n piiwagbL . vrtiR»£a 'Jl Ui* 
vase laft icuuxBC t vnuifi' 
sbur IE uxTJic 4'.^ Jidr... 
viiEx. liit TTyrmim vaisr^ 
jt oDUuifsc lOii lie tum^AF- 
iasc fiiiniL iKgaaatt -stjs tuiit- 
inr WEitV *'r "as itjac Tir«»r 
iiBBaziiec uniatr. taxi rmzi^ 
Tiuf* Ti ie k inr.' z ^txskl 
mc tf *::nc3i» vszur -j: i 

oL UL 'VAC XOIOL Xi sir^% , 
JUMBK K lie VTIT^-JIXL 'X ~mX£ 

ti*t mil? :r wKCii ^Mrnc- 
iow^. kaririiar * I lie nja- 




^r* 



■ 

I 




7^. MaL a X ZA-na rrvsA^r-vsk ram KnaaltuY^ 
Xnj u: jst Uil B^ laed iz. lltt amirs x •vaxa0saxn li •!-_ -ais tone wc uu \'v nr\ 
WJl Sicroimjie -ije -uC -C -„, ^^^ «x.i «»a mn «a»diiir mimr ,1^ ,^,5 



t§l ■n'S n-ATBOOK 4» ■(ttUMifc 

« of Ail canow laonalj amtot be ontrated. If 
uatiiji Hat fan [M O f n tj, all Ibe Mat, rirer^ caaalt. 
Id mradmaltf beeoaK maaMafak boo the presence <^ 
( of ice fafsed dnng Oe wmler. lie whole bulk of 
ia tkna ««iU Iwnt to aU beknr 33° before it coold 
ify^jivrided vatcr wirwiJ ia deantj or contnnied to coolract by 
wrag oaae ■"'■'*■*■■'. tfa waratk of the i^s fma a aommer's 
iH( «aaU fcrtaial; udt a mat ded <f the ie^ bat not the whole, snd 
wUv wnU ease agn Mae the Kdid iiiimii bad disappeand. The 
Mi^ toM aot be aairiplcd in mEb^ enn near our own shores, in 
coHcqaawe of like rait lee heig a that woold he framed, uid Boat about 
^katk cacfc oU^ CToi b the Britiih CttamieL 

Taa eaitt baa beca woadeifaQj |ae^ared tat God's highest wotk — 
Hi^ W»i is aotUng k thB miacaie witdom mare appnrent than in the 



g M thB Hnacaie witdom mare appnrent than 
s the obIt uown eseeption to the law " that bodies 
onaad bj betC aad eontnctb; cold." 
nec^aaaiaacfgtaabj beat and contractioa by cold take place in 



dbjb. 

taw to which there is no exception, except indi __ 

na dbcovcred in 1901 by H. Gay Lnssac, of Paris, and also about the 
■aw^ period by the bmous English philosopbei who established the 
itoaoe Am>t — Tix., b* Dr. Daltoo. Since these experiments and 
Ealmhtioaa Bndberg, Ma^ns, and Begnault have made other researches, 
■ad their (neoetare expenmenta gire the following results : — 

ToU. i/ur. 
Daltoo, Gaj Lnssae 1000 heated from 3 

Rodberg .... 1000 „ „ ., ijoo 

Idagnos, B^inault . 1000 „ „ „ 13G6'5 

As a DAlnral result, air at 33° Fahr. eipands ^4-^ part of its volume 
for ererj degree of heat on tbe scale of Fahrenheit ; and a volume of 
hicn measures 431 cubic ii 



493 at 34°. and so on. The exception is onlj in degree, and Mnenus 
and Result discorcred by tbeir searching experiments tbat the gases 
easily hqulfied are more GXpansibte bj beat than air and those gases 
(such as oijgen, bjdrogen, and nitrogen) which have never been 
hqniGed. 

The expansion of air is easily shown by placing the open end of a 
tobe with a large bulb blown at the other extremity, nndei the surface 
of a little coloured water ; nu (he application of heat the air expands 
and escapes, and its place is taken, wlten cool, by the coloured bquid. 
8uch an arrangemeat represents the first thennometer constructed by 
Sanctorio about a.D. loOO, which might certainly answer for rongn 
puiposes, but as the ascent and descent of the fluid depend on the 
bulk of air contained in the bulb, and as thisis affected by cveiy change 
of the height of the barometer, no satisfactory indication of an increase 
or decrease of temperature could be obtained with it, although UlO ■ 
instrument itself is mleresting in an historical point of view, and ir " 




fife UlMv •» ■ B<»< cnnk of Oe ofB 
biitj tf tte sr fl>i iMMMd M baft WH t 
MiMtuWrr - " ■ >^ ^ ^ « ' 

ae mMmbk noem aum^ Mooided. ia tb . 
imal EnnL^ of Franoe, it YeasuUes ; and m spate of bg^ raUs ni 
twB^bK% it rose Vo * hei£jii of 14Mt feet, and Mac "— -"-iff m tke 
■r Evt^^ nuniacs, M to ibe ground at titt distaacc of l^MO fctt 



,vitb« 



iribnUwhoibealedto 9Sr, it viU at once be ladmtmd 
amt be tbe awfrnfiitg powa (^ sucb 1>«1]dqiis, providwl tlio 

Ibt gdbmt a i B O iiaM t, Pifade de Rotier, offend himsdt to bt Uw 
fint aerial Hwiptav: and hati^ kaaed UoatMlfier, Ukj nade ttma 
eDtaaod dcKCsts with a la^ cnal-sbaped baUoo^ fix^ 
dianeta; and aercBtyJoBr ieet high. Oa tin hntt 
ccDded to a hm^ of iGJ fMt, bat m tbe dwoMt a Ml 
of wind hating hlQViitlteDiadiiiiearer some lat^tiMB«fNia4i<M| 
of tbebnre aiataiaul «u ti.lTf4f diHWWIh 



dgU feet : 

k afwindha 
H pid«,U>e 



■id if he had not ptmessed the stnngeu, ^nscDM Qt 
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(Hven the balloon a greater asocndin]: pniver, Iit- ~' ■■ '.•-■ 
sioTe wiili some stran and cbigipcd wood, bt* Tr'*"*'*- ■:■ ' " ■■ 
hare met with that tintimclr enil which biiIi^w™- •t'.^-'-,' ■ ■ = — ■ 

aijrouautic adventure, bcfel tnis brave hut foolH- .... 

On descending E^in, ho once more, and «•"■' ''"O-''-';'"' ■■■■>' '".-' 
raised himself to a comidcrable heidit by (<^- ■'■■*^ ::--''"'!i'-'vl, ^i", ■= 
straw. Some time after he ascended, ill i™-- " »" uir-pump. I-e 
YilNie, lo the height of 330 feet, horeri-- ii:*^i"<;w't'i,'-"^"'P««« 
minutes, in sight of all the inhabitants, an-t « >--^i^■•l .'■> ^Uc worbng 
wtae petfectlj stead;. ■■;Mists_i« aia/i!/ all 

The dancer in using this method of ir* 
the possiliilit J of generating gas, which <-■ 
of (he balloon, ms; accnmiuate and blo"' ~: 



hat doae ill work, bj 

e uir vi;ssfl through a 

re is at tlie bcginiilDg 

-:ie hot air, but eraduallj 

iie coldest part ot llie air 

lefe passages, so that nhea 

.:ns again through these hot 

_■ by the time it reaches the 

id of beiuR obliged tosupplf 

ii B9 would be sufficient to 

temperature, it is uecessti; 

same number of degrees 1^ 

■ seeds the hottest part of tha 

e engine maj be called ths 

: .dation of all the anccess to 

L with a small expenditnie <^ 

-:: the danger of explosions i> 

under which the engine wis 

.1. A small engine on thii 

. pounds on the square inch; 

.. novelt; in the amngement 

>-o compared the economieal 

irator" used b; consumptin 

leing retained bj the lamk^ 

'•d or drawn into the lunn. Mr. 

.[' fuel as compared to the steam 

jl^Lced was as 6 to 26 ; the same 

: h\- iibont aiz cwt. of coals whick 

■JL Qv.'i., though he ought to have 

'■^Ls not of th£ beat canstnictlon, 

(Fig. 3540 



«:.&..».■;.. - . ^lajMWace to matter, and the coosidentioD 

SST""- ■ u^— *«f*^ iA»«^ « " '^ere. through solid sub- 
enmr' ■ ' » Ij'JE'^A—i^ **^ ** ""** "* ^ ^^ question of 
h!™;".- ■-rfSn5^*'-'^»S*** ** something wal Ot maierial ? or 





(Fig. 355.) Theme- 
ctuwism maT be veij 
UDoh like the cor- 
pnacniar movement of light as defined by Sir Isaac Newton, and already 
exptfdned in another portion of ihis boii. Hence it has been supposed 
Uwt heat is propagated Ihrough the air, water, and solid snbstanocs by 
B direct emission of material particles from the heat-giving agent, anH 
that these molecules of heal force tbeir way into, or along, or threo^ 
them, accordiiii^ to citcnmsWnces. 

Certain bodies are almost transparent to heat rays, snch as air, 
whilst othen take an intermedial position, and onlj stop a certain quan- 
btj of the heat molecules, such as rock crjsfals, mirror glass, and alum. 
A third class of todies absorbs the heat plentifnllj, aueh as char. 
coal, black cloth, &c. ; and a fourth, when polished and placed at tlie 
proper an^e, reflects or throws off the heal, as in the case of polished 
mirrors. The transparency or opacity of substances (so far as light is 
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BOTS PLATBOOE OF 8CIZKCK 

Mdl does not affect the tmnamiision of heat, Lieht of everj 

colour Vta from oil sources is equally trauamitted b; all traasparEHt 
bocUes in tlie liquid or solid fonn, but thia ia sot tbe case vith 

hMC 

He nji of heat emitted bj the sun and other lnmmons bodies liare 
pmncTlies quite different to the rajs of ligbt with whioh thej are aecom- 
tw&iKl. From these statements it will be evidect that the matmaJ 
tinry of heat is surrounded with diiScutties and anomalies that cannot 
b« twmcQed the one with the other, or neatlj adapted, fitted in, and 
doirrtuled with all tho puEzling phenomena that arise. Our knowledge 
of the Iheor; of heat has been grcativ assisted bj the researches of 
HeUoni, who has demonstrated that diuerent ipesies of rars of heat are 
(rirni ^ hj tho same bodj at different temperatures, which may be dis- 
Siictlj sifted and separated from each otiier. Long before the ei:peri- 
neota of Helloni jihiTosopherB had endeavoured to weigh heat ; tnuns 
of Um most delicate levers were exposed, without effect, to the action 
of boA i*J*; <uid all attempts, eiperimentid as well as theoretical, to 
dafliM liMt bj the malfriai theoiT, are imperfect, crude, and uosatis- 
We are perforce obliged to adopt another tlieorj, and the one 
__ ail^« tlie greatest favour, as offering the best dcSnition of heat, 
i* tkc ^pmmW theory, which is more or less analogous to the unduhi- 
ton Ibooiyof li^ht. At pages 2G2, 326, 335, this theory has been partly 
expliined, ud in spealuBg oC it iLgain, great care must be taken not to 
ttmttat Ue nnduJalions of beat with those of light. The sun tuid the 
stW9 awim in a molecular medium, and 30,1SO vibrations or waves ninst 
occur in one inch to prodnco tho sensation of red light, and 57,490 
nnduh^ons in the spaoe of one inch to produce a violet Dght. As vibra- 
' a of tho ethereal molecules affect the e^e, so there may be other 



went* in om bodies which are peculiarly sensitive to the waves of heat. 

Xl raonim eight vihrstions oi the air to occur in a second to produ 

U aaoiUa sound ; whilst if the vibrations of the air amount to S5,0( 



pw MOQod tbey cannot be appreciated hy the human ear, although it is 
poniUt to OOQOcive that the ears of certain animals may be so suscep- 
uUs of m(ud vibrations that they may he able, for certain wise purposes 
of Iba Citktor, to appreciate souuda which are inaudible to human 
mn. 

IMtont nbilutcd a spectruo:) to a number of persons, and found that 
tktnvianora light apparent to some eves than to others. Lubeck 
1^ « toulet olotb OU a donkey, and found that the two were frequently 
OonbttacM togetJier by the eyes of many spectators. These facts indi- 
ml» lliftt thera may bo vibrations of ciolecnles that produce the sensation 
of hott, but which do not affect the nerves that are sensitive to the 
aotion of llglit *iitm, and vice rertd; and it is also probable that all these 
lUffprtUit uuduUlions. some affording heat and some light, may be gene- 
nbr<d Mid ))TOIMatGa tlirough space, as from the sun ; or througU shorter 
tlistMioM, as Ihtm burning hunps and fires, without in any way intcr- 
fbring with or ini)>cding each other's progress. 

Tb« ilyiiunioid Ibrary aoems to offer the best idea of the transmission 



THE CONSUOnOK 07 HEAT. 

r heat wMch is carried, conducted, or propngated through solidawith 
rariable rapidity, either bj tlie vibration of fhe constituent moleenles of 
e body itself, or by the undulatiotL of a rare subtle fiuid trbich per- 
ides tbcm. If a copper and irou wiTB of the same leugth and diameter 
B bound togetlier ana heated at the point of anion, the waves of heat 
EKvel faster throogh the copper than the iron, and the fanner is said to 
le the best conductor of heat ; and the fact itself is demonstrated by 
tbcing a bit of pbosphocus at the end of each metallic wire, and it wiQ. 
^^ found by eipcriment that the combastible substance melts first and 
' 3 fire on the copper, and that a considerable interval of time ehipses 
le the phosphorus ignites on the iron. 




Md npplicd tor nbont Hyg minnlcB the hent Iratela to c firt 
*" placed tiicrCt AAtr Bocufl timo baa elapeed the phosi 



he same fact is exhibited in a most striking manner b; inserting a 
es of rods of equal lengths and thictnesses in the side of a reetan- 
ir boi, allowing them to pass across the interior to the opposite 
. The rods arc composed of wood, porcelain, glass, lead, iron, zinc, 
XI, and silver, and have attached to each of their estremities, by 
. or tallow, a claj marble. When the vrater placed in the box is made 
}boil, the heat passes along the diflerent rods, and melting the vai or 
dlow, allows the marble to drop off. Cousequently the first marble 
ioald drop from the silver rod, tne next from the copper, the third 
nm the iron, the fourth from tho zinc, the fifth from the lead, 
iiilst the porcelain, glass, and wooden rods would baidlj conduct (in 



treral hours) sufficient heat to melt the w 
he marbles. 

Coadiiclion ofMelali. 

Gold 

Silver 

Zinc .'.'....'.'.'. 
Leail 



: tallow, and disohai^ 




The experiment ia tnade 
— e striking it the marUes 
allowed to fall on a lent 
__iiect*!d witli the detent of 
a clock alanun, which rings 
e\erj time a marble falls ftim 
one oft tie tods. (Fig. 3S7.) 
DimDj; a cold frost; dij, 
if the hand is placed in con- 
tact with various substaun, 
some appear to be colder (bu 
olher«, althoQ^ all m»j be 
r^tO I ■ Tii^ 1^1*^ lilfci iiiii predsel; the B>nie tempm- 

^^^ ^ta^\l\\^^^^ 1* ^beir condnctiiig pantr; 

•nd a piece of slue ueaa 
^^^ I^M m kit oC <W^ hc Mte Uk former is a much better ceo- 
r ^^ Ik Mta. ^ arries »inj Ibe beat from the bodj wilh 




HegTsdoal passage 
ot' heal along a bu of 
iron as compared wilb 
one of copper, is well 
illnstrated b; sup- 
porting the ends at 
the two bars on the 
top of the chimnej of 
an ti^and lamp,whilst 
the other eitiemilies 
ttmnncT '■^ ^^^ '" ' horizan- 

bbiSsb tal position bj tittle 
••"W" blocks of wood. If 
^~ marbles are attached 

tCrwtteOi vicrwle. tii^Edlof u th heal traiela along the 
wt/HtSe imt, nd mmt nmOj fan the eappez than the iron, becaose 
" ' ' ' 'x-ea^etDrorimttiniiUiehtler. rri^358.) 

a of Vmj^, of &:iaiigeD (** Ann, oe CIl," ui-), 
(the omdtKliB^ pawns of different woods are to a 
tmStm KtMat I* be K gir d tJ u m the tnTcrse propi^on to ILeir 
M^e gi»ritie» Lt^ tfe paia the do^tj of the wood the less oon- 
Mlii( pu>u, nd tke eotfncj-. 

If a t j mr i fl bar or Mock. t«be of biasa, nz indies lon^ and iboat 
M« Imm Ml ttwaeter. is wttatfcrd to a wooden erUsder of the »me 
■K Ac ooafaet^ powas of the twv >iibstaiicea aie well diqilaTed 
I9 inA rfiHHK « »et of wUteMKT onr t he brass, and then holing 
hHtefcnaeif »9itit -bn. Ibelmt bdne eondttcled t^idljawa; 
Iff iha ■Jjl*l *9 ■«* KonA the paper, Dotil the whole uriTes at a 
._».___ .1^ > . . — -^— BM the paper is rapldlf bumt when 



THE cOTmrtmoN op beat. 



ST3- 



ttruned orer the wooden 
■rlinder, because tbe heat of 
fte flame of the lamp is con- 
eentrated upon one point, 
md is not diffused throu°;h 
yhe mass of tbe wood. (Fig. 
S69.) 

In the course of the 
liighlj philosopliical expen- 
JMDts of Sir H. Dayy, whicli 
led him graduallj to tlie dis- 
COTCTJ of the constniction 
of the safety lamp, he con- 
nected together, by a copper 
tube of H Email bore, tiro 
;ls, each containing an 
explosive mixture composed 
of fire damp and air. When 
the mixture was fired in one 
Tcssel ho found that the 
e did not appear to be 
»ble to travel, as it n " 
■cross the bridge — viz., 
copper tube — and conimumcate with the other magazine, because it was 
deprived of its heat whilst passing through the tube, and was no longer 
Same, hut simplj gaseous matter at too low a temperature to effeet the 
mfiammation of tbe mixture in the second box. 

A mass of cold metal mat be suddenly applied to a small flame, such 
u that of a night light, and depriving it rapidly of heat (like the case 
of the unfortunate Russian desoribea at page 354), it is almost imme- 
diately extinguished (fig. 360), not by the mere exclusion of the Dxjgeu 




,^^, 



a. Cilmder.htilfbnuaudhiirwoDiI. Tha 
,_,.. ..minoiJ over llie wood ia liking fire. The 
'I otflffl eilremltj, ibaded, Ib tbe bnuB portLDD. 




b eodi ta place orer flniDe, imd bj condDctJoji cS tbe bent to ciltDj^niih i(. 

of the air, but on account of the withdrawal of tbe heat necessary foe 

the maintenance of the combustion. 
i Sir H. Davy first thought of makinghis safety lamp with small tobea, 
^Vlnch wotild supply fresh air, and carry off the b>ua^ mteoiek.^^^ 



371 



BOI^ PUTBDOa OF BdZKOB. 



Bame time thev were to be so nfirrow tlmt no flame could pass out of liislunp 
to fommimicate with an outer eiplosive atmosphere; and in speaking 
of hia lump with lubes Le sajs : — " I soon discovertd that a ftw aperivrei, 
even of verj small diameter, were not safe unless their nde* were »erj 
deep ; that a single tnbe of onc-twentj-eigbth of an inch in diameter, 
ana two inches long, suffered the esplosion to pass tbrongh it; and that 
Aareat nunier of small tubes, or of apErtures, stopped eiploaion, eren 
when the depths of theit sides was only eijual to their diameters. And 
at last I amved at the conclusion that a metallie tissue, however tliin 
and fine, of which the apertures filled more space than the eooling 
surface, so as to be permeable to air and light, offered s, per/eel harriet 
to exploHoH, from the force beiug divided beliceeit, and the heat com- 
municated to an immense ntiiaber of mr/aces. I made several attempts 
to constroot safety lamps which shouldgivelight in all esplosivemiiturea 
of fire damp, and after complicated cambinations, I at length arrived at 
one evidentlj the moat simple, that of surrounding the Iwht entiretg bg 
wire game, and making the same tissue feed the Jlame vita air and emit 
li^il." 

If a nnmber of square metallic tubes of a. fine bore are placed tipright 
side bj side, and a section cut off horiiontallj, it would represent the 
■wire gauze which possesses such marvellous powers of sifting awaj 
the heat from a flame, so that it is destroyed in its attempted passage 
through the metallic meshes ; and of this fact a number ot proofs may 
be adduced. 

A gas jet delivering coal gas may be placed under a sheet ot wire 
gauze, the gas permeates the gauze, and may be set on Are at the upper 
side, hut the flame is cut off faiiu 
the mouth of the jet by the cooling 
action of the wire gauze. The same 
eiperiment reversed, by holding the 
gauze over the gas bnming from the 
]et, shows still more decidedly that 
flame will not pass through the me- 
tallic tissue. (Fig. 361.) 

Sir H. Davy again says ; " Though 
,11 .k„ ;„ " „r c-l J ...iTTi 



nit.sBi. ii. 

plMsd Ulsrlsbt. 
aUwUon of the 






retted hydrogen mixed with different 
t small proportions of carbonic acid 

.._. ^ a I observed in the eomhiistion 

of a dlcneer ioduccd me to believe 
that smalt quantities of olcEant gas may bo sometimes evolved in coal 
mines with the carburetted hydrogen. I therefore resolved to make 
nil lamps snfo to tho test of the gas produced by the distillation of coal, 
which, whon it hns not been exposed to water, always contains ole- 
fiant gas. I pUced liij lighted Inmps in a large glass receiver through 
which tlirro wu tt current of atmospherical air, and by means of a 





easomet«T (illed wiUi ooal gfs, I nade tie eoiRBt of air wUcfc pMsed 

I mto the tamp mora w len ^»pt"i^«r. aod ei«gd it to Aaa-- "- ~- 

-bIotIj at pleadQTc, 30istoprodnce»U|K»ib)eTvidM3ol 

aud eiplosive mktoit^ aaa'' '---■-•-•-■-- ^— 

wires from oDc-foitietli to a 
iaining treiUj-ei^t vim or semt baadrnd md ti^ttj-toea ■peituies 
to the inch, wMJW^irftraOeine^MfawattwiftMiahjti aftSutia4; 
aad I ODcneqnciii^ idi^tcd thk Halcrii] ia guiraiig kiops for the 

•tadna, vhen in Jamniy, ISI^ tb^ vac iniBcdiatelj adopted, and 

ire kmg been in genenl use." 

Hw lemailable conductine power of wiic same is farther shown aj 
jdaciog some lujnps of camplkor oa a piec« w this msicriiJ, and when 
the heat of a spint-kmp is applied oa the oiider side of the gautc, the 
ipboT Tolatilizcs, ami as the Tjponr is icma^Afalr heafy, it falls 
through the ueshcs of the eanie, aad takes fire ; bat the most cnrioos 
and foither iilustralion of the conducting power of the wire meshes is 
shown in the fact tliat the fire A^es aot conunorueate through the thin 
fihn of gaoze to the lumps of camphor placed upon it. 

The camphor maj be igtuted bv applying flame to the upper side of 
the gituze, showing that, althoogfi this substance is so exceemnglj ctan- 
bostible, it will not lake fire eren if placed at no greater distanee from 
lame th&n the thicbiess ot the wire gauze, pronded the latter mate- 
ital is interposed between it and the 

Bffnare boi made of wire game, 
with s nole at the bottom to admit a 
.«andle or spirit-larDp, may have a con- 
inderable iet of coal gas forced upon 
It from the outside, or a large }0S 
of ether vapour poured upon it; anS 
although the box ma; be full of flame, 
■rising from the combustion of the gas 
«r ether, tlie fire does not come out of 
he wire box or communicate with the 
et or the ether vapour as it is poured 
rom the jug. (Fig. 363.) 

Sir Humphrey Davj|s safety lamp 
consists of a common oil-lamp,/ with 
through the cistern for the pur- 

Cof raising or depressing the cot- 
wick wltliQut unscrewing the wire 
j;aU2e; b is the male screw fittii^ the 
tcrew attached to the cylinder of wire 
jraaze, wMch is made double at the top. 
The entire lamp is shown at A, whilst 
Uie platinum coil which Sir H. Davy 
recommends should be wound round 
the wick is shown at i. The small 
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c^ of jJatmom consists of 
■i« of DDe-seraitietli to one- 
dglitieUi of an inch in thick- 
Btas, fa"*"**"! to tiw wire fee 
niainp or depresme the cut- 
ton >i^ mhI should the lamp 
be extiagaiabed in ftu npla- 
STc mixtore, the little coiL of 
pUtinum begins to glow, uul 
trill afford soffituent iieht to 
guide the nuner to a Me put 
of the mine. With respect to 
this pUtiniuD coil. Sir H. 
BaTj gives ti careM ducg^ 
and sajs: — "The greatest 
caie must be taken that no 
filunent or wite of pl"riiiiiiin 
protnides on the extoior of 
the lamp, fir Hit tMmId jEm 
titerwaUy an aphmt mix- 
tan." 

Snce the inTention of the 
Davj lamp, a great uomber 
of modiflcatioiis have been 
broaght forward, some of 
whii£ for a short time iuie 
tbe {mUib attcnticm, bnt whether bom increased cost ot a 
MCI «■ ncrta that airesta improTeineBt, it is certain that the lamp 
oncndlir dened by Sr HtmiAiej Dav; is still the bTonrite. It was 
pemfs safdctoBate thai the lamp was called the a^lf Inmp, because 
It ii aot ao HBder eroj dicnmstance that maj- arise, miless it happens 
to be in the hands of pcnoos who have taken the trooble to stndj it 
aad Badentind bow to correct the faults. The lam^ might hare efcaped 
the ii t iiiiai J iltarfa that bare been made npon its just merits, if the 
iisTi had liaplj been that of its illustrioDs inieator — " a Dav; kma." 
No omo coold oaq) at that, whilst " safetr" was held to mean perfect 
i— maitj fnaa eroy pos^ble and probable danger that might arise in 
Ike eoatpits. Tie lamps are now osuallj placed onder the charge of 

*—'-—'*"— -—* ——tains that the wire ganze is in perfect 

upon Ibe lamp, and as it is a penal 

fine and imprlMnment, to remove the 

parts of the mine, of course 

aolijbtOD^t to a sense of the obligations thej 

hratbeT'^nniers, and the rash, ignorant, luid 

iking <qM3i safetj lamps for more illumination, 

pipes, an beeconing mucfa less frequent than fonuerlj. One 

' in^iious "detMtOT lamps" is that of Mr. Sjmons, of 

^^ig. 361.) It consisted of the old-fashioned I>avj, bnt 




focdbai^c 
DTtofi^ 



BTJIONB DETECTOH LAMP. 



J the rim of the wire gauze is 
d a small extingmshBr ana spring, 
I does not moTe ao long as the 
1 is screwed on to the lamp, bat 
lly the gauze is unacrewea, the 
sed movement releases the detent, 
the extinguisher falls upon the 
In apite of the manifest ioge- 
of this lamp, it ia not adopteii, 
ise it costs a trifle more tlian the 
BTT " Davy." To show the re- 
able perfection of the wire gauze 



ipie, 1 




i upon a lighted safety lamp, 

a great smoke is produced by the 
irabon of the spint, hut no name 
a through to the outside, although 
DTpentino burns inaide the lau p 
ne coarse gunpowder is laid upon 
thicknesses of fine wire gauze it 
be heated from below with the 

of the spirit lamp, and the sulphur 
^aduaUj volatilize without settmg 

the mass of powder. To show 
BCDiitj of the Davy lamp, it may 
fhted and hung in a large bos 
glass aides, open at the top, and a 

coal gas supplied at the bottom 
is rises and diffuses in the air, the 
ire becomes explosive, and the 
la at once evident by the alte ra- 
in the appearance of the flame 

s lamp, wliich enlarges, flickers, and frequently goes out, in conso- 
ie of the suddenness with which the explosion of the ntixtare takes 

inside the lamp, producing a concussion that extingoisbes the 
. In this case tne utility of the pjatiiinm coil is very apparent. 
It continues to glow with a red heat until the explosive cliaracteT 
a air iu the box is changed. 
a large waahband-basin is first warmed by some boiling water, 

1 is then poured awa^, and a drachm of ether thrown in, a highlj- 
nstible atmosphere is obtamed, and when a lighted Davy lamp is 
d into the basin so prepared, the flame inside the lamp immediately 
ges and flickers, but is not extinguished, and does not communicate 
le combustible vapour outside. The contrast between the safety 

and an unprotected flame is very striking ; if a lighted taper is 
t into the basin, the ether catches fire, and burns with a very 
flame. The solid conductors of heat, which are said to enjoy this 
xty in the highest degree, are the metals, raarble, stone, slate, and 
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temal heat most be eMeaaive, because it ia confined anil shut out from 



those inflaences that would cany off and weaken the intensily. 

There are no two words, sajs Tjndal, with which we are more lammar 
than matler a-nA force. The ajstem of the uoiterae embraoea two things, 
an object acled upon, and an agent by ahich it is acted upon ; the abject 
we call matter and tlie agent we eaJl force. Matter, in certain respects, 
xnaj be regarded as the tiehkle of force ; thus, the iuminiferoua ether ia 
the vehicle or medium by which the pulsations of the sun are transmitted 
to OUT organs of vision. Or, to take a plainer case, if we set a number 
of billiard balls in a row, and impart a siiock to one end of the series in 
the direction of its length, we know wbat wiU take place; the Uut ball 
will flj away, the inlervmina balls having served for the transmission of 
the shock from one end of the series to the other. Or wo might refer to 
the conduction of heat. If, for example, it be required to transmit heat 
from the fire to a point at some distance from the fire, this may be 
effected by means of a conductmg body — byapoker, for instance; thrust- 
ing one end of a poker into the fire, it becomes heated, the heat makes 
its way through the mass, and finally manifests itself at the other end. 
Let us endeavour to get a distinct idea of wbat we here call heat ; let 
ns first picture it to ourselves as on agent apart from the mass of the 
conductor, making its way among the particles of the latter, jumping 
from atom to atom, and thus converting them into akindof f/epfliii/ 
lionet to assist its progress. It b a probabb conclusion, even had we 
not a single experiment to support it, that the mode of transmbsion 
must, in some measure, depend upn the manner in which those httle 
molecular stepping stones are arranged. But we must not confine our- 
selves to the molecular theory of heat. Assuming the hypothesis, which 
is now gaining ground, that heat, instead of being an agent apart from 
ordinary matter, consists in a molion. of tie malertalparlklet; the eon- 
clnsion is equally probable that the transmission of the motion mnst bo 
influenced by the mamier in which the particles are arranged. Does 
eiperimental science furnish ns witli any corroboration of this inference ? 
It does. More than twenty years ago MM. De la Bare and De Can- 
doUe proved that heat is transmitted through wood with a velocity 
almost twice as great along the fibre as across it. Thia result has been 
recently ei.panded, audit has been proved that this substance possesses 
three axes of calorific conduction; the first and greatest axis being 
parallel to the fibre; the second axis perpendicular to the fibre and ia 
the hgneons layers ; while the third asts, which marks tbe direction in 
which the greatest resistance is offered to the passage of tLe heat, is 
penjendionlar to the fibre and parallel to the layers. 

If many solids are had conductors of heat, they are at all events 
greatly surpassed by fluids, and especially by water. Tlie conduction of 
heat hy that fluid is almost imperceptible, so much so, that it has even 
been questioned whether iiquids do really conduct heat downwards at all. 
It has, however, been found that liquid mercury will conduct beat down- 
wards, and therefore by analogy it may be assumed that other lii^uids 
must possess a conducting power, although it may be exceedingly limited. 



B»T^ rL&noMt <w a 



i^"' 



ET to jBM« tU valet ii tM ^^*^^'^!■ | g bad conductor of heat, a. 
_k » togc ^i* bdb Uon at <Me a>d is putl j fiUed witt 
rfitw^ util it va JHt tMk bdD« the sorbee of vatafcfl 
ofim^ JM". If a tn|>F0 basin, oontaiiibijf^ 
sa tke tap of tbe nler, so aa to kara 
a BMrttr of ■■ iaA ktveea tte toa of Ute air tbernKHneter- 
kbab ~*'i-i-E Oc Mfaand &b^— and Uie bottom of U 
rvn, it vm be mftictd tbat wUbl tbe nter sanoimding 0.. 
aMoat boSi, Bot tbe sli|^tea* effect anang from the conducdM 
. a dBvnward £icction- After the ether hi 
and the boiling v 




rig.Mt. AA. CjUodrlciilirliiBnillorwiUT. «.TlieEluiiHi thermomelercaiiUliiIU' J 
th) colDsral liquid Jul •Usifing aprl^ht, Ibe moDth alOa idIk it c being opm. d d itl 
Uw nPiMr bwln MnUininK tbo burning rthiir. ■ tbnws how the gUa bull- ' - ' - 
n'« tfur ths upper buin ii romoTod, and Che bot wilflr eomm iu omlKt 
upuida th( tlr, mtklnc tbo thcrmumclfr light, sod cwumg it to rise. 

Aptin, If the tubo of an nir tlicrmometer is placed through a cork in 
the neck of a gat jar, invoitcd and standing on a ring 4n n<j, and U 




THE COITDUCTION OF HEAT BY FLUIDS. 

JBT is then filled with 
valer, and hoilcd at 
the top with a red- 
hot iron heatpr, the 
heat does not pass 
downwards and af- 
fect the thermome- 
ter. Bj introdncing 
a sjphon the water 
Burroundiiig the 
theimomeler at the 
bottom of the jar 
maj be drawn off, 
nntil the hot water 
is within a fraction 
of on inch of the air 
thermometer, and 
BtiU no heat is con- 
ducted, and the li- 
quid in the latter 
remains stationary. 
(Fig. 366) 

The diffosion of 
heat through water 
does not tie place 
like tbat of solids, 
bat is effected bj the 
motion of the parti- 
cles of the water. 
When beat is applied 
lo the bottom of a 
lesseL containing 
water, sncli us an 
mverted glass shade, 
the first effect ia to 
expand the lajer of 
water which is first 
affected hj the heat; 
this expanded lajer 
being specifically 
lighter than the cold 
water above, it rises pi-, jea. 
to the upper part of «taii3. n. 
tlie glass shade, and "^JJi^'J 
its place is inimedi- tbe b^ ol 
itcil V taken by other, 
colder aod heayier, water, which in like manner moves upwards, and U 
again succeeded b; a fresh portion. Now, the first and succeeding strata 



and bringag tlu hoi down 
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of water all carry off so 

heat, and thus bj the cfflt-™ 
Tectire or carrjiag power of 
the water the heat is diffused 
finallj in the moat perfect 
miiniier throogh the whole 
bulk of fluid; and indeed, 
tha movement itself of the 

E articles of wa.tBr maj euilj 
e watched bj putting a little 
paper pulp at the bottom rf 
tbe inverted glass shade coa- 
tnining the water. (Tig. 367.) 
This bad conducting power 
is not mcrelj confined to 
water, but is litewiae appa- 
rent with oil and other fluida, 
and if some water is frown 
at the bottom of a long teat- 
tube bj means of a freezing 
mixture, oil jas.j tlien m 
poured upon it, and aome 
alcohol above the latter, H 
the flame of a spirit-lamp il 
now applied to the alcohoL^I 
the top of the tube it may^ 
entirely boiled away, and vt 
. heat will trarel down the 3 
'• and communicate with t 
|. ice, and even after the alt 
has been evaporated i 
the tube con be filled i 
with water; this may also be boUed, and whilst demonstrating the bs... 
condnctiug power of the oil, tlie curioas anomaly is observed of a ressd 
or tube containing ice at tbe bottom and boiling water at the top, and 
further showing the wisdom of the Supreme Creator in preventine the 
freezing of the water of lakes, rivers, and seas, by the exceptional uwoF 
the expansion of water by cold. It is evident from what has been 
stated that liqnids acquire and lose their heat by means of those cur- 
rents and movements ot the particles of water which have already been 
partly explained. Whatever interferes with this movement most pre- 
TEut the passage of heat, and consequently thick viscous liquids are 
always difficult to boil, and in consequence of their motion beinK im- 
peded they rise to too high a temperature and are burnt. Thia&ot is 
remarkably apparent in the mauufacture of nice white lump sugar ; as 
the syrup ia evaporated it becomes very thick, and if boiled over a fire 
might frequently be burnt, but it is boiied by the heat of steam, and 
nnder a vacuum produced by an air-pump, and thus the sugar-boiler it 
tfnablf^ to iTBrt all danger from burning. 



.ben, bj s. continual and perpetual niotinn, inTolving circulation 
irtides, tbat beat Iravela tlirough water; and the fact alreadj 
I is still fartber 
d by o 



e of Pro- 
■iffitb's simple but 
EiperimEuls. A 
e, about three feet 

and half an incb 
ter, is bent as at \ 
i). and tlien being 
'i> water, ia sns- 
f a string attacbed 
invenient support 
copper dish con- 
rater, 90 that the 
!nd is at the top 
^er, and the curved 
be bottom. Just 

is used some ink 

colouring matter 
1 into the copper 

■water; ana it 
lOt be added till 
lent the esperi- 
to begm, as any 
imperatuie in the 
motes circuUtion, 
feres with the eo- 
eaa of the water 
be, which is com- 
ith the inliT Said 
lin. Directly beat , 
id the hot water 

the top of the 
essel, and thence ui^Baii 

r up the tube ; and 

■eoient is teodered Tiaible 

slowlj up the tube, and dL 

luallj into the copper pan. C . . , 

inciple ot the circulation of tEe particles of water bein^ oi 

od, it is eas^ to comprehend bow it ia applied to the beating of 

I by what la called the "Hot Water Apparatus." A coil of 

adoaed in a proper furnace, and the bottom end communicates 

ipe comiiig from a second tube or act of coils, placed above it in 

ipartment, whilst the top of the latter coil communicatea with 

line of the first coil, wheu the fire ia_ lighted, the circulation 

the Srst coil of pipe commences, and is communicated to the 

ind from that back again to the firat; so that the " hot water 




tha circuUlion otOvi nsl 



^cing the colourless water, which 
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sjatem" inrolres an endless chdn ot pipes of water, provided with 
proper safetj valves to allow for tbe escape of anj expanded air or 
sUasD ; and serious accidents have occurred m consequence of persons 
Delecting to loot after the perfection of ttiis safety valve. The fearful 
accident which occurred to the hot water casing around one of the 
fnnnels of the Greel Eailerx offers a painfid but memorable example of 
the beating of water, and of the dangers that must arise if the pipe, 
caabg, or other vessel which contains it, is not provided with an escape 
or salety valve, which must always be vagaod Korking aider. 

Mr. Jacob Perkins, in 1S31, made his name remarkable for experi- 
ments with the circulation of water through tubes, and his account of 
the invention and im- 
provement of the 
" Steam Gun," in 
which tbe improve- 
ment consists chiefly 
in the circuiation of 
water through coils of 
pipe, is so important 
that we give it verba- 
tim, with a drawing of 
the steam cun ; and 
the author is enabled 
to vouch for the accu- 
racy of the statements 
made in the description 
of the apparatus, as be 
purchased one of the 
improved steam guns, 
and exhibited it at the 
Polytechnic Institu- 
tion, where it dis- 
charged three hundred 
bullets per minute. 

" The expansive 
power of steam has 
often been proposed as 
a substitute for gun— 

jectiles ; the great 
^ , ;, which was formerly thought to be inseparably con- 

nected with the generation and use of steam, at so estraordioary a 
pressure as appeared necessary to produce an effect approximating to 
that of gunpowder, prevented scientific men from testing the powyr aC 
this iiew_ i^nt by experiment. It was abo apparent that tlie appa- 
ratus which was ordiimrily used for generating steam for steam-engines 
was wholly inadequate to sustain tbe necessary pressure, and that ono 
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of a totallj different character must be coatrired before steam conld 
be sufficiently confined to come into competition with its powerful riral. 

"In the year 1834, Mr. Jacob Perkma aueceeded in constructing a 
generator of such form and strength, as allowed him to carrj onhia 
experiments with highly elastic steam <rithout dat^r, although sub- 
jected to a pressure of lOD atmospheres. The prmciple of its safety 
consisted in subdividing the vessel containing the water and steam into 
chambers or compartments, so small, that the bursting of one of them 
-was perfectly harmless in its effects, and only served as an outlet, or 
safety valve, to relieve the rest. 

"Altfaough Mr. Perkins' generator was originallj intended for working ■ 
steam engines (it harmg long been evident to him that highly elastic 
steam used expansively would be attended with considerable economy), 
the idea occurred to him, in the course of his experiments, that he l^d 
already solved the problem of safely gencratine steam of sufBcient 
power for the purposes o{ ileam gmmerg ; and Mat the steam which 
daily worked his engine possessed an elastic force quite adequate to the 

§ rejection of musket barn. He tliereforc caused a gun to be imme- 
iately constructed, and connected by a pipe to the generator, the first 
trial of which fully realized his most sanguine antieipationa. Its per- 
formance, indeed, was so extraordioary and unexpected, that it gave rise 
to a paradox, which was difficult of explanation — viz,, that timm, at a 
freaure of Dslyfortg almospkerei, produced an effect equal to ffunpouier ; 
whereas it was known that the combustion of gunpowder was attended 
■with a pressure of from 500 to 1000 atmospheres. 

"Mr. Perkins gives the followine explanation of this apparent dis. 
crepanoy, by referring to the small effect produced by fulminating 
powder, compared to gunpowder, although many times more powerful ; 
De supposes that the action of fulminating powder, however intease, 
does not continue sufficiently long to impart to the ball its full power. 
The explosion of gunpowder, although not so powerful at the instant of 
igiution, is nevertheless, in the aggregate, productive of greater effect 
uan that of fulmina^g powder, because the mbieqnenl expamion 
etmiiHsa in action \ipon the ball (but with decreasing effect), until it 
has left the barrel. The action of steam differs from either of these 
agents, inasmuch as it continues in fall force until the ball hat left the 
barret; and to this is assigned the cause of its superiority. 

"In the year 1826, Mr. Perkins had so perfected the mechanism of 
the gun and generator that, at an exhibition and trial of its power, in 
the presence of the Duke of Wellington and other distinguished officers 
of the Ordnance Department, balls of an ounce weight were propelled, 
at the distance of thirty-five yards, through an iron plate ane-fourtb of 
in inch in thickness ; also, through eleven hard planks, one bob in 
thickness, placed at distances of an inch from each other. Continuous 
showers of baUs were also projected with such rapidity, that when the 
barrel of the gun was slowly swept round in a horizontal direction, a 

Clank, twelve feet in length, was so completely perforated, that the lino of 
oles nearly resembled a groove cut from cue of its ends to the other. 
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fij jad Ld contact with the ebi^ jLnn of Ute lowtAt vf the Jeren- n. A lever, fn 

Lof whitJi is Bupefided the dunpery, and from the other end the tod^, whiehresU 
I W*a the Iddk ina of the hielicat of the leren, b bb, When the appuntiu bKB vrlTed at 
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I brther increue of temperature will expand or len^hen the dow-plpe, and depreaa tlie 
■ Aort arm of the lever, which is in contsst witli the nut. The eombmed and muIUpUed 
[ iction of the leien will then elevaU the rod g, and the damner f will deunnd tn ehn-l; 
ttfl drmgbt. When the fire elatkeae. and the apparatue 
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tubing. Tlie circulation En the tnbee ii occaaioned by the dUTtorflnce In tiie ipeclAe nartltel 
of the water cemposhig the ascending and desoondinz cnrrenU ; the portion ooabdnBd In 
'^ low-pipe and fire coil becoming expanded bj the heai^ uoflods bj Iti mperior levltj; 
sthUcDDtainedinUieBmalltiihei ofthe giaeralor, hwinK g:lven off Its heat, aeqcdiei 
ued denri^, and deeeenda through the retoin-jnpe o to UW bottom of the fEiraaoe- 
, to ttffl the plaee of the ascending coireot. When the hot-water enrrent has arrtted 
it B Un^entnrt of 1U° and npwardi. eold mtia is ii^acted into the EeoenitoT, and 
tttfininn co n verted into atesm bj ita contact with the amul tubee ; the rapidity of eTui> 
attOQ *n4 tiiie pmanre of the ateam depending, of coorae, upon (he Cemperatore of tho 
M-witer cnnoit, which at SOCf will canae a preieare within the tubee of fO atmoiidiera, 
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L Thadiechaiglng lever ocliiig npon the valve T. 

K The dlflchar^g cock, hf a itlmple adjoatmcnt in which holla me tionnfcrred from 

hargtaig tube f to the gno barrel, liiglg or in a cmliiiDiiiu timcir. 

Aa the perfectioa and introduction of the ateam gnn was not a field 
■Jor private enterprise, and the British Government having- declined to 
institute eiperimcnta at ita ovm expense, Mr- Perkins was reluctantly 
impelled to leave the project, and to engage in others of a more lucra- 
-Jre, aithoogb, perhaps, of a leas important nature. He did not suspend 
ioB operations, however, until he had constmcted for the French Govem- 
jBenta^riwa 0/ arlillay vtAinA discharged balls weighing Jics pounds at 
iHe rate of sixty per mirntte. 

"The gnn and generator exhibited at the Polytechnic Institution 

Airing the time that Mr. Pepper was the Resident Director were the 

^toduction of Mr. A. M. Perlcins, of London, who has invented an 

Hntirely new method of generaliag staim, which has been BuccesBfullv 

Ippliea to ateam engines, and is at once so simple, safe, and economical 

lo leave little donbt that, with its aid, the steam gon will ere loDg 

ik amongst the first instruments of varfare. 
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. t mechatiieal dcUils, does not d 

„ illj oonsUncted b^ JIi. Jacob Perkins. 
' The noVdtj wludt distiiigusbes tbe generalor (roni all others, 
* " " '' * "" iTt^pBg the heat from tbe fire to the water, 

r U Ok action 0/ liejire. This is scconi- 
s of tke cnenlilioD, in iron tubes, of a cunent of hot 
k it cstii^ aepuitc from, and independent of, that to be 
IB tk gcaentor. 
K fidbvidr an the pnnciiBl adrantages vhicb tliis gtiieratoc 
KS oiCE all oUmis : Frtedum fmt all wear or deterioraiiox eo»- 
t ^am upemua U Utfre, an important quali[;r i° ^ ^etator that 
c Bolqected to gnat pressure, maamoch as its original strength 
■a uaaoaiied; «e aeeiiiemf obi aritejiem tcant of aaier in ilte 
to-.anJtkeim - ' ■" 



dn«H cff with unpnoit; vitbont producing tbe least injorious effect, 
■ad the gneaest nedect is folloved by no woi» consequences than an 
IMafinnU ta^ftj of steam ; am rrplotiom of the generator it impouiUe, 

as tke tcapaatqre of tbe fonutce-coil always exceeds that of any other 
jait of tM ^latatva, and MHiseqnentl;, being the weakest part, is 
amtaUy Ike bat to ;idd vhen the pressure is carried bejcutd the 
■tncgtb of tbe pipes ; codmi^ ^fl^i " also oilained, vUk a mall 
mmmai tt ttt nrfaet. The cucolatioD of the water has likewise the 
g fiie-coil from the deeaj to which boUers ue 
li otab, which have been in constant ase for eight years, 
teBRanwrarttj aa good as when first erected. 

"^na whole miratns is exceedingly simple, and will be readilj 
uodersttiad by njermce to tbe accompanying diagram. (Fig. 370.) 

" The steam bas often been raised to a pressure of 7IX) Dm. on tbe 
sqnare inch, but oxe-Hird of that pressure is sufficient to completelj 
JLIIem lie balli when diiciiarged against an iron target one hundred feet 
distant from the gun ; and a pressure of 100 lbs. per square inch, at tbe 
same distance, liiceri tkg tali lo aloau, with the prvdnctioo in a dark 
room of a Tisible fiash of light. Steam guLS are generally mounted 
upon a ball and socket joint, which allows the barrelto move freely in 
every diccction." 

The condnction of heat tbroogb gases is also very sbw when heat is 
^plied to tbe upper part of an^ stratum of air. Heat appears to be 
diffused through air onl^ by tbe cuculation and rising of the heated and 
l«hter strata, and tbe sinking of the colder currents which take their 
i^HXs ; hence the danger of sitting in a room rmder an open skylight. 
A cuiwnt of cold air may descend upon tbe bead of the indiridoal, 
whilst the warmer air takes some other opening to escape from. No 
doubt tbe movement of heated volumes of air is subject to definite laws, 
which apply themselves under every case, but are rather difficult to 
grasp when tbe subject of ventilation is concerned. The philosophical 
ventiktor is often A^adfully teased by tbe inversioa of all that he had 
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planned, or ILe total fdlure of liia apparatus. No speciGc mode of 
Tentilatian can be found to suit all rooms and buildings; tliey are like 
the patients of a physician who cannot be cured hj one medicine onlj, 
bat must have a treatment adapted properl; lo each case. If the lircs, 
eaadles, gaa, or oil-tamps, doors, windows, and chininejs, were always 
under the control ot the scientific ventilator, his task would be very 
simple, but it is well understood that a ventilatm^ Bystem whicli 
answers well if certain doors coumiumcatiQe with lobbies are closed, 
fails directly thej are accidentally opened. The watchful care of the 
TCDtilator must begin with the lowest area door, and in bis calculations 
lie must stadj tbc effect of every other door or window that may be 
opened, so that if a scientific man undertakes to ventilate a house, he 
most have a vreU-drawu plan hun" up in the hall, and it must be 
clearly imderatood by the umiates tnat anj interference with that plan 
wiUprejudice the whole. 

There are a few common principles which will guide in ventilation, 
aod these are, first, the rise of hot and the fall of cold ajr^ seeond, 
that if an aperture is provided at the top of a room for the escape of 
hot air, aa equally large aperture must he left for the entry of cold air ; 
third, the apertare for the escape of hot air most be adapted in size to 
the nomber of persons likely to enter the room, and the number of gas 
or other lishts burning la it. During the daytime, moderate apettures 
lor the eiit and entrance of ait ma^ suffice, but these must be largely 
increased at night, when the room is filled with people and lighted up. 
£:q)Badiiig and contracting openings are therefore desirable, and they 
■re to be regulated by rules stated on the plan ot the vcntilatuig sjatem 
(already alluded to as being hung up in the hall) of the house which 
has sabrntttcd itseif to a perfect system of ventilation, and no hall- 
keeper, footman, or butler should be allowed to remain in his post 
unless he undertakes to comprehend the system and work it properly by 
the written rules. 

Dr. Angus Smith, in a very able paper " On the Air of Towns," says — 
" One of the conditions of health, and a most important, if not the most 
important of all, is to be found in the state of the atmosphere. As to 
the effect on the inhabitants, the question becomes eioeedinglj com- 
plicated ; but the Kcgistrar- General's returns are an unanswerable 
reply as to the results of the lethal infiuences of the district. Few 
|ieople seem clearly to picture to themselves the meaning of a decimal 
plan in the per-centage of death, and few clearly see that there are 
oiatricts of England wuere the deaths at least in some years, and when 
no recognised epidemic occurs, are three times greater than io others. 
When we hear of the annual deaths in some districts being 3'^ per 
cent,, and in the whole of England 3 3, it is simply that 3i die instead 
of 23, vhilst even that is too sliehtly stated, as the whole of England 
would show a lower death-rate if flie towns were not used to swell it." 
This quotation is given here to cemiod our readers of the important 
question of a supply of pure air as well as pure ivater and pure food; 
and if the agricultural labourer, with all his exposure to variable 
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wemther, can tike the fiist place in the scale of mortality, and oniliTe 
the members of all other trades and professions, it is eyident that the 
importance of pure air is not oreirated. 

Bwerj effort ought, therefor^ to be made in large schoolsy hospitals, 
and barracks, to enfwroe a rigid sjstem of supply of fresh air, and a 
sewage or remoral of the impure ; and in the use of a certain test em- 
plqjra by Dr. Smith for the detecticm of oiganic matta in tiie air a 
number of approximations were obtained, which dearly demonstrated 
that 1 grain ot organic matter was detected in 72,000 cubic inches of air 
in a room, and ue same quantity in 8000 cubic inches taken ham a 
crtmded railway carriage. 

To show the rising of heated air, a kmg g^ass tube, abont threes 
gnarters of an inch m diameter, may be proYided and held oyer the 
flame of a spirit lamp at an an^ of six^ degrees. As the tube warms, 
the heated air rushes past the flame with great n4)idity, and pulls it 
out or elongates it ao much, that the ahaip p(»nt of tiie spint^bune 
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VJSHTILATIOlf. 

viU freqnectlf be seen, at the end of a tube tea feet six inohes in 
kaiEtli. The flanie ia, as it were, the sigu-post that indicates the path 
or direetiott of the air. (Fig. 37J .) 

Upon the like principle, heated air maj be dragged down the short 
area of a Sjphoo, provided the other arm is sufficicnclj long to impart a 
atroDg directive tendency to the upward current, and this mode of 
BettiDg air in motion has been frequently proposed in numerous schemes 
for ventilation. In order to prove the fact that an inverted sjphon 
will act in this manner, an iron pipe of three inches diameter and 
sis feet long maj be bent round during the construction into the form 
of a Gvphon, so that the short length is about one foot long, and thft 
king length the remaning four feet, allowing one foot for the bend. If 
the intenor of the long arm is iir^t wanned b; burning in it a little 
spirits of wine from a piece of cotton or tow wetted with the latter 
(which can be easilr done hj dropping in such a wetted piece into the 
bend of tube, so tnat it is just under the opening of the long part of 
the tube), the air is soon set in motion up the long pipe, and as it must 
be supplied with fresh vo- 
lumes of air to take the 
place of that which rises, 
and as the only entrance for 
the fresb air can be doica 
the short aim of the sj- 
pbon, the circulation soon 
commences, and it pro- 
ceeds as long as the upper 
arm is kept suihcicntlT 
warm. If a flame is held 
over the month of the 
short arm, it is immedi- 



ately dragged downward, 
whilst, it held at the 




mouth of the long j: 
the motion of the air la 
teen by the assistance of 
the flame to he m the 
contrary direction. (Fig. 
372.) 

This plan of ventilation „, ,^ ,_.,..., ,. .i ^ 

was projiosed to be used ^en^hs piece or to« BoiiWned with il„atal, which, 
in rooms in connexionwith being tct on flre,wilnnB thn tuba B. D. A lighted torch 

piece, and in order to give upwnrO! bj the uceadhig current a. 
It an omameutat appear- 

anoe, the cbimney-piece was supplied with two ornamental hollow 

columns, tbe ends of which were open at the mantelshelf, and the 

tubes or columns were continued under tbe hearthstone, proceeding 

■ np the back of the grate and entering the chimney, in which tbero 

[ vould be a constant. current of heated air, and it waa expected l£at 








Ufthe ti«e tke sToba an 
■■okj *ir oat «f tk duancT b 
tiM aad OMbidicbiiT beaks 



«1T s< . 
t inTcrt Itself md i 
, ndeed it is surprising vhit 
B perfbcncd bj cninnts of air. Tie 
mmmm i^a^noas a case vBoe nm rtMMtt in tlie same floor, the one 
a £iii^TCNMB and tbe otba a dnwinc-^ooai, «cre alwiTs eiltihitiii^ tiie 
aoslaMaidphaumaHt of smoke. lltbefiniB one room vu lit,il(eii 
the after, ia a few moneot^ bc^au b> ^adl enctl; Eke tlte inside of a 
gM ■Miiilartofj, and vaa, of eovs^ mxc or los filled with sniokt; 
vUbt Ute TOOB IB vUch tbe be was actoaDj burning ranained quite 
free boa this mBMtjance. llie tmdte anrared to issue from tbe 
wataacot tx novUing which nms nwind at Ute bottom of tbe wall, anid 
was at fint Ifaoofht to be an escaM from tbe dumnej- of the kitdun 
hraraih, die insiae oFwhirh was dolj examined asd tborou^f stopped 
wilk eoK^ in era; place Hkelj to a* ' ' ■ - -• 
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the orevica whence tho smoke issued was also filled in neatly with 
cement. But it was all in vain; the smoke then made ita way out from 
another put of the cornice, and at lost the rocms exhibited a beautiful 
reciprocating action. If the drawing-room fire was lighted the dining- 
room was full of smoke, and if the latter was lighted the former had the 
Zeeable visitation. At last the backs of the two grates were ei- 
ncd, and in each was discovered a hole about one inch in dinmeteri 
and it was ^o found that the spaces at the back of the stoves bad not 
been tilled in properly, and, indeed, coinmunicited with the hollow space 
behind the cranice. When, therefore, the fire was lighted, and coab 
heaped on just above the hole, the gas and smoke distRled through the 
iriScc and travelled on, where it found the most convenieut exit; and 
the fact ia sadly at variance {appareal/j/) with theory, because it might 
be considered that cold air wuuld rush towards a fire, and that the 
dranght ought to have been from the cornice to the chimney instead of 
vice vend. The fact seems to be that the coal in all grates is, in the act 
of burning, distilling and givinr off inflammable gas ; when the coal was, 
therefore, heaped above the onflce, and was, possibly, caked hard at the 
jp, the gas distilling from it escaped more easily from the Kttle orifice 
than elsewhere, and chance determined that the channel or dehvcry pipe 
ahonld be in the direction of the drawing-room when the fire was bum- 
n the dining-room, and in the contrary direction when tho firo was 
ed in the latter chamber. The nnisance was stopped by plogging 
the holes at the hack of the grate with clay, and puttiDg a sheet of iron 
over the orifice. 

Before Dr. Earaday was appointed as a scientific connsellor to assist 
the deliberations of the Trinity Board in connexion with lighthouses, all 
the tamps were burnt in the lanterns with the smallest and most imper- 
fect arrangement for carrying off the heated air and products of com- 
bostion; as a natural consequence, and particularly on cold nights, the 
windows of the lantern of the lighthouse were covered with ice derived 
from the condensation of the water produced by the combustion of the 
llydrt^en of the oil, whilst the carbon generated such quantities of car- 
bonic acid that the light-keepers were unable to stay in the lantern, and 
if obliged to visit the latter (whilst looking to improving the light of any 

ale lamp that might be burning dimly), they were almost overpowered 
the excess of carbonic acid, and stated, in their evidence, that it pro- 
duced headache and sickness, and a tendency to insensibility. Faraday 
immediately established a system of ventilation ; and by attaching a 
eopper tube to the top of each lamp-chimney, and centering them all in 
one large funnel passing to the top of the lighthouse, the whole of the 
water which previouslj condensed on the glass windows and impeded 
the ligbt, besides injuring the brass and copper llttings, was carried off, 
ta also the poisonous oarbonio acid gaa ; and thus, as Dr. Faraday es- 
pressed himself, n complete system of sewage was applied to the lamps 
of the lighthouses. 
If any one of the numerous stories of ships saved by the Eddystone 
^\ Lighthouse could demonstrate more than another the value of this beacon 
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Tons ligfat-keepera, one of which in plain but slriidug laiiDTiage 
id that " the eneiay (alluding to the water and carbonic acid) tcof 
iriee» out." 

« ingenious iDvention alluded to was succeeded bj another and 
ly aunple but philosophical arran^ment, which Dr. Faraday pre- 
d to his brother, aod it was duly patented. It cousi^ted ot an 
^ment for reutilating gas burners, and it must be obiioas that a 
isitj dials for such yentilatioo, becaose eveir cubic foot ot coal 
rhen burnt produces a little more than a cubic foot of carbonic 
A pound treight of ordinary coal gas contains about -^ths of ita 
it of hydrogen, which when burnt produces two pounds aad ^^tha 
pound of water. A pound of ordinary coal gas also contains abont 
t of its weight of charcoal, which produces when bnmt rather 

than two and a half pounds of carbonic acid |as — viz., 356. la 
' to bum this quantity of gaa nineteen cubic ieet and -^ths of a 

of atmospheric air, coatiuning i*20 cubic feet of oiygen, are 

is not therefore anr- 
10 that as common coal 
IS sometimes purihed 
issly, and contains a 
te trace of sulphuretted 
igen, with some Wsnl- 
I of carbon vapoor, that 
mid produce the most 
dicial effects in badly 
lat«d rooms, and espe- 
in some of those 
led up glass boiea in 
places of business, 
i clerks are obliged to 
'or many consecutive 
\, liglilea by gas, and 
hing their own breath 
be products of combus- 

from the gas light, 
by rendering them- 
1 liable to diseases of 



, leaving their close 
boxes, and passing into 
ild night air. The dan- 
is product of the com- 
on of ordinary coal gas 
^hurous acid — to.., the 
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le gas ss tlmt ^neraled when a sulphur match is burnt ; and if it _ 
will aitark the btndlogs of books, and damage furniture, goods in sbon 
curtains, &c., in consequcace of the large quantity of water with which 
it is accompanied, how much more is it not likelj to injure the delicate 
oi^anismof the breathing appanitas of the Inngs? Br. Faraday's lamp 
is therefore a great boon, but, like a great man; other clever things, it 
must be ad^ted to ttie currents of air and draught from the room ; and 
means must oe taken to preveut the draught becoming too powerful in 
Faradaj's lamp, or else the illuminating power is destrojed bj the 
thorough combustion of the carbon of tlie coal gas, and the heat gene- 
Tftted is so intense that the glasses soon crack, and of course become 
useless. The lamp will acawer Terj; well if (as has been alreadj stated) 
the draught in the ventilating pipe is not too great. 

The Ejstftn alreadj cTpl^dned and illustrated is likewise carried 
out on a mach larger scale in the ventilation of coal pits, where a shaft 
is usually sunk into the ground for the admission of air, which, after 
circulatiug througli the intricate windings and maws oC the coaJ pit 
workings, escapes at last from another shaft, at the bottom of which is 
placed a powerful furnace, and this is kept bumiug night and iaj, so 
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Ib&t Uie moTement of tLe sir is maintained in one direction — viz., from 
the enter air doim the sliaft called l&e doaineasi, thence to the galleries, 
where the coal hcirers are working, to the second short, near which 
the furnace is placed, and np this latter the air tnirels ; the shaft, pit. 
Of fnnael being very appropriately termed the upcast. 

Shonld the furnace at the bottom of the upcast he neglected, the 
rentilation may be just balanced, or set slightly towards the downcast ; 
tinder these circurostances the carbonic acid from the fire irill begin to 
circulate in the galleries, and poison those who ate not aware of its 
presence and take the proper means to escape. Such accidents, amongst 
the host of others that occur in a coal pit, have actually been recorded ; 
imdthe firemen, whose duty it might be to attend to the proper burning 
of the famace, have had to pay the penalty of death for their own careless- 
ness in falling asleep and neglecting to maintain the ventilation of the 
mine in one direction. (Fig. 375.) 

These details are amply sufficient to demonstrate the manner in which 
heat ia diffused through air, whilst the rareflcatiou of the air by heat 
sijggesta the cause of tbose frightful storms of wind that rush from 
other and colder parts of the surface of the globe, to supply the void 
produced by the cooling and Contraction of the enormous volumes of 
gaseous matter. 

The Badiation of Heat. 

When rays of heat are emitted from incandescent matter, tlicy are not 
necessarily visible, nay, they are generally invisible, and not accom- 
panied with a manifestation of light, and pass with great velocity through 
a void or vacuum, also through air and certain other bodies. From 
what has been stated respecting the manner in which sir, by continually 
moving, and by convection, carries off heat, it misht be thought that no 
proof existed that invisible rays of heat are reSly thrown off from a 
ball £Jled with boiling water. Eut this question is set el rest by the 
fact, that such a ball will cool rapidly when suspended by a string iiiside 
the receiver of an air pump from wnich the atmospheric air has been 
removed, so that no conduction of the particles of air could possibly 
temove the heat. 

In the year 1786, Colonel Sir B. Thompson examined the relative 
conducting powers of air and a Torricellian vacuum — the latter being 
■nsed because, as the experimenter stated, it was impossible to obtain a 
perfect Tacuum, on account of the moist vapour which exhaled from the 
wet leather and the oil used in the machine, for at that time carefully 
gromnd brass plates were not used in air-pumps, but plates only, with a 
circular piece of wet leather upon them. In a paper wuich Colonel Sir B. 
Thompson read before the Itoval Society, he slated that "It appears that 
the Torricellian vacnura, whicii affords so ready a passage to llie electric 
fluid, so far from being a good conductor of heat, is a much worse one 
than common air, which ol itself is reckoned among the worst ; for when 
Oio bulb of the thermometer was surrounded with air, and the instni- 
•A plunged into boiling water, the mercury rose from 18° to 27° 
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in roi^-6T« xcoiids ; but in the fonnei eipetimeii^ vhen it vas sor- 
RHiiultd bj a Totric«lltan Tacunm, it required to remaiii in the boiling 
water one minute tkirtj seconds to ac<;uiie that decree of heat. In the 
vkcnnin it required fice minutes to rise to 4S''J^ths; bat in air it rose 
to that height in tvo minutes forty seconds ; and the proportion of the 



n the other obserration was nearW the sa 
" It appeaia, h^m other experiments, Uiat Qie conducting power of air 
to that of the Torricellian Tacuum, under the circumstances described, 
is as 1000 to 709 nesrlj, for the quantities of heat communicated being 
equal, the intensitT of ihe commuaication is as the times inTersely. Bj 
ouiets it appean (hat the conducting power of air ia to that of the 
Torricellian Tacnum as 1000 to 603." 

It is therefore very interesting to discover that the attention of 
ciperimentaiists was early 
directed to the fact that heat 
was isdependeat of the air, 
and passed either as waves 
of hi^t or molecules of beat 
through &pace. The teio- 
citj with which heat moves 
through a vacuum is VC17 
great, and in an eiperiment 
performed hj M. Pictet, no 
perceptible interval took 
place between the ttme at 
which caloric quitted a 
heated bodv and its recep- 
tion bj a tDermometer at a 
distance of sixty-nine feet. 
It appears also, from the 
eipenmenls of the same 
phJosopher, to be thrown 
off or radiated in eroj di- 
rection, and not to be di- 
verted (as shown at p. 369) 
any strong current of air 
it ttansrereely. Sir 

J. rej Davy ignited the 

charcoal points connecled 
with a battery in avacuuni, 
taking care t« place the 
charcoal points at the top 
of the jar, and a concave 
mirror, with a deUcate ther- 
mometer in its focus, at the 
bottom of the vessel placed 
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ascertained first when the receiver was full of air, and ncit wlien it 
exhausted to i^th (i^., 199 parts pumped out, leavm^ only one part 
of air in tbe receiver). In tbo latter case, the effect ot radiation was 
found to be three times greater than in an atmosphere of the common 
density. Tbe greater rise of the thermometer in vacuo than ia air is to 
be ascribed to the conducting power of the latter; for this conducting 
power, by reducing the temperature of the heated body, haa a constant 
tendency to diminish the activity of radiation, which is always pro- 
portional to the excess of tbe l^mperature of the heated body above that 
of the surrounding medium. (Fig. 37C.) 

Count Kumford's experiments with a Torricellian vacuum gives the 
proportion of ive in eaaio to three in air for tbe quantities of neat lost 
by radiation, and by conduction or dif usion. It is not, perhaps, de- 
parlJng very far from the truth, if it be stated that one hiilf of tlie heat 
lost by a heated body escapes by radiation, and tliat tbe rest is carried 
off bj tbe convective power of currents of air. 

If the process of radiation was not constantly proeeedmg, it can eaailj 
be imagined that tlie temperature of our globe would become so elevated 
by the regular accession of heat from the sun's rays, that tbe vegetation 
vonld be parched up and destroyed, and conseqaently all uuimals and 
the hnman race must become extinct. The best time to notice the 
ladiation of heat from the earth is at night and after a hot summer's 
day. If the sky is clear, it wilt be noticed (with tbo help of a ther- 
mometer,) that the ground is several degrees colder than the air a few 
feet ahove it. (Fig. 377.) It is this reduced temperature that causes 
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the deposition of dev, and produces the earth^cload ^hich. so nearly ^ 
resemHea a sheet of water as to have been oeoasionally mistaken for an 
inundation, the occurrence of the previous night. Mr, Luke Howard 
has called this cloud, which is the lowest form of these draperies of tbe 
sky, "The Sttatns," or evening mist ; but when permanent, and increased 
to B depth so as to rise above our heads, it is then called the momiug 
f(% 80 peouliarlv agreeable in London when incorporated with the 
blaok smoke, making a line reddishrjellQW ochrcous mist. By placing a 
thermometer, standing at the ordiiiary temperature of the air, cased 



BOY S PLAYBOOK OV SCIENCE. 

with a good ndintiBg matGrial, sucb as fikmcnta of cotton, in the foa. 
of & concave mirroT, und bj turning this arrangement towards a cIm 
sky in the eveoing, it will De noticed that the temperature falls sevend 
degrees. Good radiators of hc3t are black and scratched sutfaces, 
lilameots of cotton, grass, twigs, boughs, and certaiu leavo?, especiallj 
those with a rough surface. 

Bod radiators of heat are bright and polished metallic surfaces, white 
woollen cloth or flannel, hard and dense substances, such as a grarel 
path and stone, or those leaves whi(di have a polished surface, such as 
the common laurel. It is the frozen dew and mist which produce the 
beautiful effect of hoar-frost and icicles on the trees and bushes, the 
primar; cause being the radiation of heat from the various objects on 
the surface of the earth, as well as from the latter itself. When the 
wind is high, dew does not deposit, ns it is necessary that the air should 
be calm, in order to receive the cooling impression of the cold earth, and 
to deposit the moisture, which it holds in solution as invisible steam. 
When the wind blows, it miies all parts of the air together, and prevents 
that difference of temperature which causes the deposit of dew. Hence 
the evening mist will be more gcncrallj observed in the bosom of a 
Talley surrounded by hills and screened from the winds that may blow 
from either quarter. The coatinaal presence of moisture in the air is 
well shown by the condensation of water on the outside of a glass of 
oold sprine water, or especially on the outside of a jug containing iced 
water. Ine invisible steam is always ready to bathe the tender plants 
with dew, which would otherwise perish and be burnt up during a hot 
summer, if they did not radiate heat at night, and thus condense water 
npon themselves. The presence of watery vapour in the air becomes 
therefore a matter of great importance, and hence the construction of 
bjmmetera or measurers of the moisture in the air. 

Hegnault's condenser hygrometer consists of a tube made of 
sQver, very thin, and perfectly' polished; the tube is lamer at one 
end than the other, the large part oeing 18 indepth by SIO in diameter. 
This IE fitted tightly to a brass stand, with a telescopic arrangement for 
adJDsting when making on observation. The tube has a small lateral 
tubnlnre, to which is attached an India-rubber tube with ivory mouth- 
piece; this tubdure enters at right aisles near the top, and traverses 
it to the bottom of largest part. A delicate thermometer is inserted in 
through a cork, or India-mbber washer, at the open end of the tube, 
the bmb of which descends to the centre of its largest part. A ther- 
mometer is attached for taking the temperature of the air; also a bottle 
for containing ether. 

To use the condenser hygrometer,a sufficientquantityof sulphuric ether 
is poured into the silver tube to cover the thermometer bulb. On allowing 
air to pass bubble by bubble through the etlier, by breathing in the 
tube, an uniform temperature will be obtained ; if the ether continues 
to be agitated by breathing briskly through the tube, a rapid reduction 
of temperature will be the result. At the moment the ether is cooled 
down to the dew-point temperature, the external surface of that portion 
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silTEr tube containing the ether will lieconie covered with a coating 
isture, and the degree shown, bj the thermometer at thiLt instant 
3 the temperature of tlie dew-point. 

most fnmplo form of the hjj;romcter waa fonnerlj a \crj favomito 
tor of the state of the weather, nnd uauallj consisted of the 
of a monk with ^ 
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Fig. 37S. The monk hTETOicopi, in wUoti Ibe bead, a. s, 

the head tsdottsd Una c In wet wesUur.uid taksa 

I intMmediilB imkUIom, b^gqidta hi ' - - 

luuu 'utoh^''*' ' ' """~ 

ambinations aiid 

s to his attention to the si^ of the weatber, as indicated b; 
,ate of the air during the liliases of the moon. Inexperienced 
IS (and by that we mean jounj; persons) maj, howerer, take a 
1 position in the rank of " weather prophets" by consulting the 
BTooek, the barometer, and the iiygrometcr, before committing 
elves to an opinion, if asked to s&j wliat the weather will be. 
I dry and wet bulb hygrometer (as represented in the next ea- 

e consists <Df two parallel thermotneters, as nearly identicat aa 
, mounted on.a wooden bracket, one marked dry, the other mri. 
ulb of the wet thermometer is covered with thin muslin, round the 
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TtoSTS Th6diT«nd«rti™tohjgTo™.t^. The principle of radiation of 
f«.a,., inBu., heat ia employed bj tbe Indim 


natives in the neigbbgnrhood of Calcutta for the purpose of obtaming amail 



TBS BADIATIOK OF BEAT. 

quantities of ice. In that climate, the thcnnoniGter during tlie coldest 
mghta does not indicate a lower temperature than about 40° Fahr. 
The skj, howerer, is perfectly cloudless, and as heat rndiatea with great 
rapidity from the surface of the ground, the Indian natives ingeniously 
place yery shallow earthenware pans on straw, which is a bad eonductw 
of beat, and hence insulates the pans from communication with the 
oMched earth, lu a few hours, tJie water in the nans is corcred with a 
thin sheet of ice, and there con be no doubt ol its production bj an 
absolute loss of heat by radiation, because the plan does not succeed on 
a windy night, and succeeds heat cren when the pans are sunk in 
trenches dug in the earth. A windy night prevents that difFerence o£ 
temperature between one portion of the surface of the earth and another, 
which ia so essential to a steady and uniform loss of heat, as it must be 
evident that the continual mixture of wanner portions of air with that 
which ia colder would tend to prevent the desired lowneas of temperature 
being attained. 

The manner in which heat is observed to be radiated has snggeated 
another theory to the fertile brain of philosophical observers, and it has 
been supposed that the conduction of heat may be nothing more than a 
Tadiation from one particle of matter to another, as through a bar of 
copper, in which the particles, tliough packed doaely together, are not 
supposed to be in actual contact, so that it is possiUe to conceive each 
separate atom of copper receiving and radiating its heat to the neigh- 
bouringparticlc, and so on throughout the length and breadth of the 
metal. By this theory the radiiition of heat tlirough a vacuiun is brought 
into close connexion with that of the radiation of heat through the air 
and other sohd and liquid bodies. 

Some of the most interesting plienomena of heat are those discovered 
hj Leslie, who has proved in a very satisfactory manner that the rapidity 
with which a body cools, depends (like the reflection of liglit) more on 
the condition of the surface than on the nature of the material of which 
the surface is composed. With a globular and bright tin vessel it was 
observed that water of a certain lieat contained in it, required 15Q 
minutes to cool; hnt when the latter vessel was covered with a thin 
ooatlng of lamp-black and size, the water fell to the same degree as that 
noticed in the first eiperimcnt in the space of eighty-one minutes. 

By very careful observations made with a differential air thermometer, 
IJesUe determined that the power of radiating heat in various sab- 
stances was as follows :— 

Lamp-black 100 

Writmg paper 98 

Sealing wai 95 

Crown glass 90 

Plnmbago 75 

Tarnished lead iS 

Clean lead 

Iron, polished 

Tin plate, gold, silver, copper , , . . 
1>I>3 
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As in the reflection of light, it was noticed that a piece of charcoal 
covered with gold leaf, partook of the nature of the precious metal so 
far as its power of throwing off or scattering the rays of light was con- 
cerned, so a piece of glass covered with gold-leaf appears to possess 
the same power of radiating heat as that of any brilliant metal. 

Radiant heat, like light, can be propagated through a great variety 
of substances, but is stopped by the larger number; and it can be re- 
flected, refracted, polarized, absorbed, or it may undergo a secondary 
radiation. 

The intensity of radiant heat follows the same law as that of light, 
and decreases as the square of the distance from its source. The same 
law that governs the reflection of light, also prevails with that of heat ; 
and it may be found by experiment that the angle of incidence is equal 
to the angle of reflection, so that the heat is disposed of in the same 
manner as light when it falls upon bright polishea planes, convex and 
concave surfaces ; hence the use of bright tin meat screens and Dutch 
ovens, and of all those simple pieces of culinary furniture which are em- 
ployed in the kitchen for the purpose of arresting the cold currents of 
air that set towards burning matter, as also to reflect the heat upon 
whatever viands may be cookiujg before the fire. A bright silver teapot 
retains its heat better than a dirty one, and the fact is determined very 
readily by pouring boiling water into two teapots, the one being made of 
bright tin and the other of black japanned tin. A thermometer inserted 
into each vessel will soon show that the latter radiates, and therefore 
loses its heat quicker than the former; the relative radiating powers of 
bri«:ht and blackened tin being as 15 to 100. Pipes for the convevance 
of not water or steam should be kept bright, if possible, althougn this 
trouble is avoided usually by packing them in bad conductors of heat, 
whilst the polish of the cylinder of a steam-engine is of great impor- 
tance as a means of economizing heat. 

When the finder is approached within an inch or so of a red-hot ball, 
the heat radiated from tne latter is so intense that it cannot be held there 
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Ftff. 880. ▲ B. The oone of paper, gilt inside, c. The red-hot ball. d. Stand with 
wood tupnortinff a tUoe of phosphorus, which is brought into the focus of the rays of heat 
nflected through the oone. 



THE RADIATION OF HEAT. 405 

for mora than a few seconda. If, howcTer, tlie finger is coated with 
gold leaf it may to kept near the iron ball for some considerable time, 
because the radiant heat is reflected from the aurface of the gold. If 
tiie vard heat la written upon a sheet of paper and the letters after- 
wnrda gilt, the whole of the white surface is rapidly toasted and scorched 
-when held before a fire, whilst the surface of the paper under the gold 
leaf remains perfectlj white, which can be ascertained bj tumiiig the 
paper rouud and observing the other side. A sheet of paoer gilt insiij 
una tnmed round as a cone, being left open at both ends, maj be en 
ployed as a reflecting surface ; and if a bit of phosphorus, placed o 

Saper, is held, sav at two feet from a red-hot ball ot about two inches 
iaraeter, the raJial heat from the latter has not sufficient inteusitj at 
that distance to set it on fire quicklr ; if, however, the cone of gilt paper 
is used between the two, and the phosphorus brou^t into the focus of 
the rajs of radial heat, it very quickly takes flre. (Fig. 380.) 

Br. Bache has determined by experiments that the radiation of beat 
from a body is not affected by colour, so that ia winter all coloured clotheH 
are alike in that respect, and radiate beat without any appreciable dif- 
ference. The power of absorbing heat, however, is greatly acpendent on 
colour; and as a general ndc, good radiators of beat (such as a black 
cloth, or indeed any surface covered with lamp-black), are also cicei- 
lent absorbents of heat. Dr. Hooke and Dr. franklin placed pieces of 
cloth of similar tcxtnre and size ou snow, allowing the sun's rays to fall 
equally apon them. The dark specimen always absorbed more heat 
than the light ones, and the snow beneath them melted to a greater 
extent than under the others; and they both remarked that the effect 
was nearly in proportion to the depth of the shade, as in the following 
order ; — After black, the maiimnni absorbent quality was possessed by, 
first, blue; second, green; third, purple; fourth, red; lifth, yellow. 
The minimum absorbent power was observed to belong to white. ' 

When radiant heat is allowed to pass through glass, the latter sub- 
stance is not found to be transparent to heat rays as it is to those of 
light, but a considerable proportion of heat is arrested and stopped; 
consequently glass fire-screens are to be found in the mansions of the 
wealthy, because they obstrvict the heat bnt do not exclude the cheerful 
^ht and blaze of the fireside. 

Uelloni's researches on the nature of (he rays of heat, and also on the 
media which affect them, would demand and merit a chapter to them- 
Belves; want of space, however, obliges us to omit the consideration of 
thermo-electricity, and the refined and beautiful experiments of Metloni, 
whose labours are a model for the imitfttion of all original seekers after 
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CHAPTER XXVni 



TEE STEiJI-ZNGINB. 



It must bo apparent to those who read popular works on a 
they poaaees, at all events, one point of utility — viz., thnt they are 
iadieatirc of the rarioTis subjects that may be selected in science for 
special, searching and exhaustiTe study, 'fhe subject of steam and the 
steam engine is not one that could be thoroughly treated of in the 
narrow space allowed in this Tolume, but enough may be said to give 
some instruction and to impart common principles, whilst tbe minnte 
details are better examined and learnt in the works of Bourne, Ranfcine, 
and other authors who devote themselves specially to the important 
oommercial question of ateaoi. 

The first truth to be comprehended is, that all matter contains within 
its substance the power of creating beat — or as it may be expressed 
more plainly, solids, fluids, and gases contain wiiat is termed laCenl or 
insensible heat, in contradisti action to the heat which is apparent when 
we touch a vessel containing warm water or approach a cheerful fire; 
this latter is termed sewilile heat, and has formed the subject of the 
preceding chapters. 

If a cold horse-shoe nail is applied to a thin dry slice of phosphorus 
laid on a sheet of paper, no comhustion of the phosphorus ensues, be- 
cause the temperature of the irOn is not sufficiently high to affect that 
combustible substance ; but if the horse-shoe nail is vigorously hammered 
on an anvil, the particles of the metal are brought closer together, and 
if it is applied to the phosphoms, so raacii heat has been generated, 
thrust or squeezed out by the hammering ore- -" — '- ' '' 
that it is DOW suiBciently warm to set fire to it. 



"indeHsadon of the iron. 
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The reverse or antithesis to tliis eTpcriruent — v'a., the prodnotion of 
cold — would be shown if it were possible to expand a mass of metal 
suddenly, and this can be effected oj first melting togetber 

207 parts bj weight of lead. 

lis „ „ tin. 

S8i „ „ bbmnth. 

When tiieae metals are ia the liquid state and perfectly mixed, Hiey 
are poured from a sufficient height into a ptiil al cold water, for the pur- 
pose of granalaUnff or dividing them into small fragments. 

If the granulated compoond metal is now miseJwith 1617 parts by 
■weight of quicksilver, it becomes suddeuly liquefied and expanded; 
liquefaction u the reverse of solidification, and hence cold is produced from 
tiic natural heat of the compound metals being rendered latent by the 
change from the solid to tlie liquid state ; so that a small quantity of water 
placed in a glass tube, and surrounded with tbe metals whilst lique- 
tving in the mercurv, becomes rapidly converted into ice, the fall of 
the temperature, aa sttowo bv a thermometer, being from 60° Fahr. to 
14°, which is 18° degrees below the freezing point of water. In the 
former case, by hammering the iron the latent Aeal is made lemidle; 
vhilat in the latter case, by tbe liquefaction of the compound metal in 
raercoij, the sensible heat is rendered latent. The heat rendered latent 
b^ melting difi'ereut substances is not a constant quantity, but varies 
with every special body employed, and tbe Drs. Irvine have proved 
this fact by lie following espetiments ; — 

Ditto, rcdnced to th 
Heut orfiuldlt;. ipedSc hiut al vit 

Sulphur ..... 143-68' Fahr. .... B7'14. 

Spermaceti , , , 145 ' , — 

Lead 163 „ . . . . 5'6. 

Bees'-wai . . . . 17S „ .... — 

Zinc 493 „ .... 4S-3. 

Tin 500 , 33- 

Bismuth .... 550 23'3S. 

Every one of these substances reaulres more heat to bring tbem into 
the liquid condition than ice, for wbich liO° of heat are sufficient, c 
are rendered lateat during its conversion into water. 

In coining at the Mint, the cold blauk pieces of gold, silver, o 
copper become hot directly they have suBtained tbe violent and sudden 
pressure of the coining press, and they must be heated again, or an- 
nealed, to restore the equilibrium of the heat disturbed by the violent 
blow, or else they remain hard and unUt to sustain the finishing process 
of milling. 

The condensation of water when it assumes a smaller bulk by un 
with Eulriburic acid, is easilv proved by measuring a pint of water and 
a pint of aoid, and mixing them together, when a very great increase of 
temperature may be perceived; and by pUcing into the mixture a cold 
copper wire that previously could not ignite phosphorus, it becomes 
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very hot, and when lernoved mid wiped it will cause pliosplionis to fire 
directlj it touches that substaacc. When the mixtuTe of sulplturic acid 
and vater is mcaanred after it has Cooled, it has no longer a bulk of two 
pints, but is found to haie lost bulk equal to one or more ounc^ bv 
measure. The heat cTolred b; a miittire of four parts of strong sul- 
phuric acid and one part water is shown by the thermometer to be 
300° Fahr., and this mode of obtaining heat has been nsed b; acroiiauts 
for the pnrpose of obtaining artificial warmth without the danger of 
setting ure to the gas in the Dalloon. 




Fig. SSI. ACKiiumli 

Wlien alcohol and water are miicd a change of density occurs, s 
heat is produced ; and if equal measures of alcohol of a specific gravity 
of -835, and water, each at 50' Fabr, are miied, a temperature of 7d° 
Pahr. is ohtajned ; it the mtiture is made in a glass vessel, as shown in 
the annexed cut, the combination ia very apparent. To perform the 
ciperiment properly, water is poured into the lower tube and bnlb, and 
alcohol into the top one; when this is done, the stopper is inserted, and 
the whole thorougUy shaken and mixed together; the warmth which is 
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longer fills tiie two bulbs of the instrument. (Fig. 3811.) 
Tbe lateot heat of gases is eaailj shasm by auddenlj 
condensing air io a amall syringe or pump, of which tho 
piston contains a minute fragment oi^ ainadou (a species 
of fangaa, Polvporus igniarim ; this, aeoordiug to Sim- 
monds, after liaring oeen beatea with a malbt, imd 
dipped in a solution of saltpetre, forms the spunk or 
German tinder of commerce ; it is also used la a styptic, 
and made into razor strops), which takes hre'and before 
the iovention of vesta and other matches, tobacco-smokers 
were in the habit of obtaining a IJ^ht foe their pipes 
and cigars in this manner — viz,., by the latent heat ob- 
tained from the contraction or compression of air. 
Then, again, an instructive though opposite parallel is 
afforded bj suddenly expanding or rarefying air in a 
glass receiver provided with a delicate thermometer. 
Sy pumping out some of the air, a considerable dimina- 
tion of the temperature occurs, and equal to several 
degrees of the thermometer. Eycry child knows that 
steam direct from the kettle will scald, but if it issues 
from a high-pressure boiler, say at fifteen pounds on 
the square inch, the.hand may be held with impunity in 
the escaping steam, aa it merely feels gentlv warm, and J 
not scalding. This is due partly to the loss of heat t 
rendered latent by the expansion of the high-pressure '^ 
steam directly it passes into the air, and partly to the ' 
currents of air that are dr^ged h ' ■ ■ . . 

tendency of the adr to rush 
into a jet of steam was 
discovered by f araday, and 
eiplaina those ourioas ex- 
periments with a jet of 
steam by which balls, empty 
flasks, and globular vessels 
arc sustained and supported 
either perpendicularly or 
horiiontallj. 

If steam at a pressuri 
about aiitj pounds per inch | 
is allowed to escape from 
a proper jet, and a large 
lignted cireuJar torch com-, 
posed of tow dipped in tur- 
pentine held over it, the 
course of the eiternal air is 
■hown by the direction of 
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the flames, which are forcibly palled and blown into the jet of sti 
with a roBiing noise, indicating the rapidity of ttie blast of 
to the steam jet. (Fig. 381.). 

Egg-ahella, emptj flasbj, india-nibher or light copper and brass bs 
are suspended in the most Bin^ukrmanuerineideaii escaping jet of _ 
pieBSOTB steam ; and before the explanation of Faraday, reams of papof' 
were used in tbe discnsston of the possible theory to account for thia 
effect ; and what made the explaDstion etill more difficult, was the hat 
that tie jet of sleam might be inclined at any ancle between the hori- 
zoatal and perpendicular, and still held the ball, ^g-shell, or other 
spherical figure firmly in its yapory grasp. (JTig. 385.) 








In consequence of the great nisb of air towards a jet of escapmg 
biph-prcssure steam, Mr. Goldsmith Guiney has patented tlie application 
ofthis principle in his ventilating stcain jet, which he has already suc- 
cessfully applied ; iu one case especially, where a coal-mine had been on 
fire for several years, and the whole woricing of the coal-measures in the 
pit was jeopardized by the spreading of the combuation to new workings ; 
the fire was first extinguisned by carbonic acid gas, pulled, as it were, 
into the coal-mine by a jet of steam blowing into the doumcast, but 
placed in eonneuon with a furnace of burning coke ; and tbe circiOation 
of the carbonic acid, called ehoke-davtp, through the pit workings was 
further assisted by a jet of high-pressure steam blowmg upwards, and 
placed over the mouth of the npcmt shaft. 

The esperiment succeeded perfectly at the South Sauchie Colliery, 
near Alloa, about seven miles from Stirling, where a fire had raged for 
about thirty years orcr an area of twenty-six acres ia the waste seam 
of coal nine feet thick. (Fig. 38G.) 

For the general purpose of .ventilating the coalmine, Mr. Gumey's 
plan was tried at the Ebbw Vale Colliery, and very economically, the 
waste steam alone beiuB used. Experiments have also been satisfac- 
torily made with it for blowinff a cupoU for smelting iron, and with d^ 
steam — i. e., steam of a very high pressure — escaping through a w — 
tube, the results were perfectly successful. 

With this d^ression from the subject of latent heat derived f 
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the oompressioii of air, we letHm again to the sabject with another case 
in point, f ornished b j the Foontain of Hiero, as it is called, at Schemnits, 
in Hungary, described br Professor Brande; and it maj be observed 
that all the phenomena related would applj to the great pressure c^ the 
water from the water-towers at the Crystal Paliux, if^ fitted with a 
similar air-vesseL 

"A part of the machinery for woridi^ these mines is a perpendicular 
column of water 260 feet high (the Crystal Palace water-towers are 
each 2S4 feet high), which presses upon a quantity of air enclosed in a 
tight reservoir; the air is consequently condensed to an enormous 
degree by this height of wator, which is equal to between eight and 
nine atmospheres ; and when a pipe communicating with this reservoir 
of condensed air is suddenly opcoied, it rushes out with extreme velocity, 
instantly expands, and in so doing it absori» so much heat as to preci- 
pitate the moisture it contains in a shower of snow, which may readily 
DC gathered on a hat held in the blast. The force of this is so great, 
that the workman who holds the hat is obliged to lean his back against 
the wall to retain it in its position." 

The best examples of latent heat are furnished by ice, water, and 
steam, and we are indebted chiefly to Dr. Black for the elegant and con- 
clusive experiments demonstrating the important truths connected with 
the latent heat of these three conditions of matter. When various solids 
are heated, they frequently pass through certain intermediate conditions 
of softness, terminating in perfect liquidity; but ice and many other 
bodies change at once to the liquid state on the application of a suffi- 
cient quantity of heat. The process of melting ice is very slow, because 
every portion must absorb or render latent a certain quantity of heat 
before it can take the liquid state — Whence the difficulty of melting blocks 
of ice when they are surrounded with non-conducting materifds; and 
this fact the author has proposed to take advantage of in keeping water 
cool which is to be supplied to the ova of salmon whilst taking tnem to 
stock the rivers of Australia. 

In order to prove that heat is rendered latent by the liquefaction of 
ice, it is only necessary to weigh a pound of finely-powdered ice and a 
pound of water at 212° Fahr. (boiling water), and mix them together ; 
when the ice is all melted, the resulting temperature is only 52°, there- 
fore the boiling water has lost 160° of temperature, of which 20° can be 
accounted for, because the resulting teiAperature of the melted ice is 
52'*; but in the liquefaction of the pound of ice, 140" have disappeared 
or become latent, or, as Dr. Black termed it, have become combined, 

1 lb. of 'ice at 32» + 20' = 52", the resulting temperature. 
1 lb. of water at 212' - 52" = 160" - 20 = 140° rendered latent. 

140^ represents the result obtained from innumerable experiments made 
by mixing equal parts of ice and boiling water, and it is this large quan- 
tity of lutout heat roauired by ice and snow that prevents their sudden 
liquefaction, and the aiaAStrous circumstances that would arise from the 
floods that mutt othorwiio always be produced. 



To put tlio fact bejond all doubt, it is adTiaable to mil together equal 
-weights of water at 33° aud boiliug water at S1S° and the result is 
found by the thennometer to be the niean between the two, because 
half the extremea are aJwoja equul to the mean ; aud if the two tempera- 
tures are added tocether and divided bj two, the result is a temperature 
of 122°, as shown below : — 

1 lb. of ice water at "32+1 lb. of water at 2W=Ui°-i-2=Ui°. 

From similar eipcrimeuts Dr. Black deduced the important truth, 
" that in all cases of liquefaction a quantity of heat not indicated bg, or 
Kiuible to, the thermometer, is absorbed oi disappears, and that this licat 
is wUhdraien from the »arroundiag bodiei, Jeavmg them eomperatiselji 
cold." At p. 79 it is shown how the sudden solution or liquefaction of 
<;Kt(un sails produces cold, aud hence numerous freezing mixtures have 
been deviaeil. In olden times, when ofEcials in authority did what tliey 
pleased, without beine troubled with dis^reeable returns, and colonels 
clothed their men, and were merchant tailors on the grand scale, gun 
cartridges were not confined to practice on the enemy, but tbej did duty 
frequently in the absence of ice as refrigerators of tue officers' wine, in 
consequence of the gunpowder containing nitre or saltpetre ; as a mere 
solution ot this salt finely powdered will lower tlie temperature of water 
from 50° Tab. to 35°; wmlst a misture of four ounces of carbonate of 
soda aud four ounces of nitrate of amrnonia dissolved in four ounces of 
water at 60°, will in three hours freeze ten ounces of water in a metallie 
vessel immersed in the mixture during the liquefaction or solution of 
the salts. 

Fabreobeit imagined be had attained the lowest possible temperatura 
by mixing ice ana salt together.anditisby tbismeans tliat confectioners 
nsiully freeze their ices, or ice puddings; the materials are first incor- 
porated, and being placed in metallic vesseb or moulds, and surrounded 
with ice and salt placed in alternate layers, and then well stirred with a 
stick, tliey soon solidify into tbe forms which are so agreeable, and so 
frequently presented at the tables of the opulent. The temperature 
obtained is Fahrenheit's lero — viz., tbirtj-two deuces Aelow the freezing 
point of water. According to the very wise poUoe regulation observed 
m London, all householders are required to sweep or remove the snow 
from the pavement in front of their houses, and this is frequently done 
with salt ; should an unfortunate shoeless beggar, tramp past whilst the 
sudden liquefaction is in progress, the effect on the soles of his feet is 
evidently very disagreeable, and the rapidity with which he retires 
from the zero affords a thermometric illustration of the most lively 
description. 

Hcai (he Came of Vapour. 

Every liquid, when of the same degree of chemical purity, and under 
equal circumstances of atmospheric pressure, has one peculiar pomt of 
temperature at which it invariably bojia. Thus, ether boils at 96' Pabr., 
Rud if some of thb liighly inJhunmable liquid is placed carefully in a 



[, by pouring it in witli a funnel, and flame applied witliin one ineh 
of the onfioe, do Taponr escapes tliat nil! take fire ; but if the flame of 
a spirit lamp is applied, the 
~ -, ether soon boils, and if tlie 

,) lighted taper is again 

' "■ brought near the mouth of 

the flask, the vapour takes 
fire, and produces a flams 
of about two feet in length. 
^ This lire only continues as 
lon^ as the flame of the 
spirit-lamp is retained st 
the bottom of the flask, and 
oit removing it the vessel 
rapidly cools. The length 
of the flame is reduced, aod 
ia gradually extinguished 
for tne want of that essence 
of its vitality, as it were — 
viz.. heat. (jig. 3S7,) If 
a thermometer is introduced 
into the flask, however rapid 
may be the ebullition or 
boiling of the etLer, it is 
found to be invariably at 
96". The heat carried off by evaporation is most elegantly displayed by 
placing a little tiater in a watch glass, and surrounded by cnaroo&l 
saturated with sulphuric acid, in the vacuum of aa air-pump. The rapid 
evaporation and condensation of the water by its affinity for the sul- 
phuric quickly produces ice; and the pumps and other apparatoa of 
Knight and Co., Foster-lane, City, are greatly to be recommended for 
this and other illustrations. 

The illustration of the determiuation of the fixed and invariable 
boiling point belonging to every liquid is farther carried out by intro- 
ducing some water into a second flask standing above a lighted spirit- 
lamp, with a small thermometer, graduated, of course, properly to degrees 
above the boiling pobt of water ; when the water boils, it wiR be found 
to remain steadier at a temperature of S12°- And however rapidly tlie 
water may be boiled, provided there is ample room for the steam to 
escape, the heat indicated by the thermometer is like the lav of the 
Medes and Porsiam, which Jteretb not, and it remains standing at the 
number 21S°. The only exception (if it may be so termed) to this law 
is brought about by tne shape and nature of the containing vessel ; 
under a mean pressure the boiling point of water in a metalKc vessel is 
^erallj 313° ; in a ghiss vessel it may rise as high as 21i° or 216°, but 
if some metallic filings are dropped in, the escape of steam is ini 
sad the temperature may then drop immediately to 213°. 
Whea a thermometer is inserted in a flask ceataining water in 




ot ebullition or boiling, so tliat the bulb does not touch the Suid, bnt is 
■wholly aurroimded with atDam, it Till be found that the temperature of 
the latter is exactly the same as th^t of the former ; and if the liquid 



boils at 96°, the yapoar will be t 
Bteam has therefore eiactly the same 
temperature as the boiling water 
thatproiiuoea it. (Fig. 388.) 

Wnilst perfomuDg the last expe* 
liiiieiit, it mav be noticed that the 
Bteam inside tiie necic of the flask is 
inrisible, and that it oulj becomes 
^parent iu that lund of intermediate 
condition between the vaporous and 
liquid state called vesicular vapour — 
■ state correspondine^ with the "earth 
fog," and called by Howard the 
ifratua. When a naak containing 
boiling water is placed under the 
receiver of an air pump (as soon after 
the ebullition has ceased as maj bo 
possible}, and tlie air pumped out, it 
will he noticed that the water again 
begins boHing as the yacuum is oh- 
tatned, showioE that the boilias poiat 
of the same fluid varies under dif- 
ferent degrees of atmospharie pres- 
sure, and according to tlie heigiit of 
tile barometer. 

Height or 



t 312° the steam is 313°. 
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Height of 



BoUIii^ pdnt 



26-5 
27 . 
27-5 



213-76 



201-91° 29 . 

, 205-79 29-5 

, 306-67 30 . 

. 207-55 30-5 

, a08-43 31 . 

28-B .... 209-31 

Alcohol and ether conflned nnder an exhausted receiver boil violently 

at the ordinary temperature of the atmosphere, end in general liquids 

boil with 121° less of heat than are required under a mean pressure of 

Uieairj water, therefore, in a vacuum must boil at 88° and alcohol at 49°. 

On ascending considerable heights, as to the tops of mountains, the 

boiling point of water °;Tadually falls in the scale of the thennometer. 

Thus, on the summit of^Mont Blanc water was found by Saussure to 

boil at 137° Fahr. In Mr. Albert Smith's delightful narrative of his 

aaoent of Mont Elane, he mentions the violent commotion and escape of 

tiie whole of the ehumpagne in froth directly the bottle was opened at 

the summit of this king of mountains. 

. Br. Wollaston's iustrvuuent for measuring- the heights of laonntuns 
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bj the varifttiotia of the boiling point of irater has Icnj teen known and 
used for this pnquse. 

If a Florence tesk ia first fitted with a nice soft cork, and this latter re- 
mored.nnd the former hdf filled with water, which is t)ien boiled over a. gas 
orspirit flame, the same fact already mentioned and illustrated in the pre- 
ceding table mav be rendered apfiarent whea the flask ia corked and re- 
moved from the heat. If it is now inserted, and cold water ponred over it, 
an ebullition iramediatelT commencea, because the cold water condenses 
the steam in tlie space aDove the hot water in the flask, and prodnciog 
a vacuum, the water boils as 
readily as it would do under 
an eshauated receiver on an 
nir-pnmp plate. (Fig. 389.) 

Water may be heated con- 
siderably higher than 313'^, if 
it b enclosed in a strong 
boiler, and shut off from 
commnnication with the air; 
by this means steam of great 
pressure is obtained. 

Dr. Marcet has invented a 
very inatractive form of a 
miniature boiler, supplied with 
a thermometer aad barometric 
pressure cange, which can be 
purchaaed at any of the in- 
stniment maters, and is 
figured and described in 
nearly every work on che- 
mistry. 

The reason water boiled in 
an open vessel does not rise 
to a liigber temprature thaii 
312° is because all the eicess of heat ia carried off by the steam, and 
is aaid to be rendered latent in the vapour. The fiiation of ealorio 
in water by its conversion into steam may be shown by the following 
experiment. Let a ponnd of water at 213° and eight ponnds of iron 
filmgs at 300° be suddenly niised together, A large quantity of steam 
ia instantly generated, but the temperature of the water and escaping 
steam are still only 313°; hence the steam must therefore contain all 
the degrees of heat between 312° and 300°, or eight times 83. When 
the water is heated in the hydro-electrie machine or other boiler, to 
3237°, it very quickly drops to 313° when the steam is allowed to blow 
off; jet if the latter is collected, it represents but a very small quantity 
of water which constituted the steam, and it has carried off and ren- 
dered latent the excess of heat in. the boiler — vis,, the diiTerence be- 
tween 312° and 3327'', or 1107° 
If steam can carry off heat, of course it may be compelled, as it were. 
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to anrrender it again ; and this important elementary truth b shown by 
adapting a tube, nent at right angles, and a cork, to a flask containing 
a few ounces of water, and when it boils, the steam issuing from the 
d of the pipe may now he directed into and below the surface of ac 



water contained in a beaker glass ■ 
latter will be raised to the boiling 
point bj the condensation of the 
steam and the latent heat arising 
from it. (Fig. 390.) The amount 
of latent heat ia enormous, when 
it is remembered that water by 
conversion into eteam bas its bulk 
prodigiously enlarged — viz., 1698 
tunes, so that a cubis inch of 
water converted into steam of a 
temperature of 313°, with the ba. 
rometer at thirty inches, occnjiies 
a space of one cubit fool, and its 
latent heat amounts, according t« 
Hall, to 950°; Southeron, 945°; 
Dr. Ure, 96r. When we come 
to the consideration of the steam- 
engine, it will he noticed that the . 
question of the latent )ieat of 
steam is ouc of tlie greatest im- 

TempcnttirB ot Qastkit; It 



a very short time the water in the 
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950 



The same weight of steam contains, whatever may be its density, the 
same quantity of caloric, its latent heat being increased in proportion as 
its sensible heat is diminished; and the reverse. In consequence of the 
enormoua amount of latent heat contained in steam, it is advantageously 
employed for the purpose of imparting warmth either for heating rooms 
or drying goods in certain manufacturing processes. The wet rag-pnlp 
pressed and shaken into form on a wire-gauze frame or deekle, passes 
gradually to ejliuders containing ateam, and is thoroughly dried before the 
guillotine knue descends at the end of the paper machine, and cuts jt into 
lengths. In calico stiffening and glazing, also in cahco printing, steam- 
heatcd cylinders are of great value, because they impart heat withoat the 
chance of setting the goods on fire. The elementary principles already de- 
scribed with reference to heat, will prepare the youthful reader for the 
application of the expansion of water into steam, as the most valuable 
wtotivt potcer ever employed to assist the labour of maa. 
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CHAITER XnX. 

THE STEAK-BHGINE — coalinjied. 

" Bo iholt tfaos Initont nncti Uiv reii]iii usign'd 
Jn wondrana ihipa, itV-wat'd, liutiDct nlth mind. 

Thoggh cloudi Did dsrfcDDii fell ths ennimbond aky, 
f lulsai, througb dukuMi vid tbioDgh daads tbcr Bf. 
Tho' tdi]i}>esta ruffe, — thd' rolli the awcUlnff moiUi 
ThB BOJU mij rolH thv tenipHta nvell in vdTti ; 
E'on tho alcTD !»d that o'er tbo wnTei preildH, 
fUb u thcr pufl, And ura rcpua tho tidei, 
1Vlth[VLi7faimii; white cartlesa thaj convcj, 
l*nmiiiuuouh OT'rj %asit ia Ey'ry iHj." 

TlTViB linrsi, froni Pope'a traiialal.iDn of the "Odysae; 
(i]ilW quotoil twontj.fivo years o^ bj Mr. M. A. Alderaon, 
uu ilio iUnm-«it;mO| for t'' '" '~~' " ~ """ 



BERO'a-STEAU ENOIKm 419 

origmatoT of Mecli&mcs' Institutions, the prize of 30/., being the eiTt of 
the London Mecbanios' lustitution, aaid tbese lines seem to iooicate 
some sort of rude anticipation bj tbe ancients of that free passage of 
the oceim hj the agenc; of ateam which has rendered ships almost 
independent of wind and weather. 

Homer's description, as above, of the Phosniclan fleet of King^ Aloinousj 
in the eiehth book of the "Odjssej," is certainly an ancient record of 
an idea, but nothing mora. In a work written by Hero of Aleiandrift, 
abont a bundred years e.c, and entitled " Spiritaba seu Pnenmatica," a 
noniber of contrivances arc mentioned 
for raising liquids and producing mo- 
tion by means of ajr and steam, so 
that the lirat stcam-ouginc is usually 
■scribed to Hero ; and the annexed 
put displays the apparatus. (Fig. 
393.) 

It is H remarkable circumstance 
Uiab Sir Isaac Newton applied the 
Hme principle in a little ball, mounted 
on whesla, containing boiling water, 
and provided witli a small oritice ; 
and in his description he says; "And 
if the ball be opened, the vapours will 
rush out violently one way, and the 
wheels and the ball at tlie same time 
will be carried the contrary way." 
From the time of Hero, there does 
not appear to be any record or men- 
lion made of steam apparatus till the 
year 1002, when, in a work called 
" Malmeabury's History," mention is 
made of an o»an in which the sounds ' 
were produced by the escape of air )f]^ 
(qnery, steam) by means of heated the 
water. It is strange that, in these ^^ 
days of steam appucation, the Cal- to s 
liope, or steam organ, should be an 
important feature at the present moment at the Crystal Palace; and 
it only shows bow the same Ideas arc reproduced as novelties in the ever- 
recurring cycles of years. 

On the revival of classical learning throughout Gothic Europe, the 
work of Hero began to attract attention, and it was translated and printed 
in black letter, and most likely first from the Arabic character, as in the 
year 1543 the first fruits appeared in Spain, where Blasoo de Garay, a 
■ea captain, propelled a ship of 300 tons burden, at the rate of three 
miles per hour, before certain commissioners appointed by the Emperor 
Charles the Fifth, Alas for inquisitorial Spain ! had she looked deeper 
into the matter, and performed ber aalo-da-fiea on the boilers of steam- 

E£2 




oUow ule. 



I 




boy's platbook or bciebce. 



tlie 



reported, the worthy inTcntor was rewarded, but the 



mighlj giant iiif oke'd was pnt to sleep again for at least 150 jeara. 
The steam giant was disturbed wltli dreams; one Matliias, in 1563, 
pave !iim a uiglitmare ; SolomDU <ie Caos, in 1621, nearly woke him up ; 
Giovanni Bianco, in l<i29, did more ; and the Marquis of Worcester, in 
tho middle of Ihe seventeenth century, as the evil genins of Spain, 
carried off the giant bodily aad made him tbe slave of England; at least, he 
experimented, and wrote such wondrous tales of bis new motiye power, 
that in 1653 we read of steam being fairly tethered to its work, and set 
to draw water out of the Tbamcs at Vauxhall; and Cosmo do Medici, 
a forei°;ner who inspected the apparatus in 1653, says, " It raises water 
more than forty geometrical feet bythe power of one man only, and in a 
very sliort space of time will draw up tulL vessels of water tbrougb a 
tube or channel not more than a span in width, on which account it is 
considered to be of greater service to the public than the other machine 
near Somerset Hoiuie, which last one was driven by lieo horse!." 

What woald the Marquis of Worcester and Cosmo de Medici have 
thought of Blasco de Garav on the ocean, and ruling 12,000 steam 
horses P Write the name of the brave and prudent Captain Harrison, in 
the ^od ship Oreat Easiem, date 1S59, instead of that of the gallant 
Spamard, and our brief history is finished. 

Tho feat really useful steam-engine was made, not by it plain Mr., 
but again by a captain — namely, Captaiu Savery, who appears to have 
been tbe first inventor who thoroughly understood aaiQ applied tha 
vacuum principle. (Fig. 393.) 

1 A. The [Umaai HUoh oontun tbe bcdler. B 1 and b 2. The (wo firepUcei. c. lbs 
fmmel or chimnej, which I> ummon lo hoth fnrnows. In these two funiKot «rc plntcd 
two veasuli at capper, which I Ipuen) uOl baacri— the one Inrce s> it i, the other iinill 
UD, D. TheiDuUl boiler cODttlDed ia the turnsce, which is heated b; the firs its 3. 



Slpe ^Lch goes tho lame depth Inlfl the BEDftll boilet. i. A cl&ck or tiIvi 
le pipe n (Qpenlni npHsrdi]. I. A pipe gtAig froai tbe boi aboio tbi 
vnlie in the grrat bollec, and pusing ibaat ope inch into It. l i. The gi 
tained io tbe other nimiee^ which ia neated bjr fire &t n 1. u. Ttie screw v 
lator, whleh li moved by ttie handle t, and opeoB or Bhuta the apEitaroi 
(teun paam out of tho grot bolloi Bt tii« itwrn-plpel do. b. A smull gm 
tvp of ■ BiiK^ wUcb BOM hiir WIT down tDio the g»t bdler. o 1, o 2. Sti 
nUDffluhHnwedtolbaregDlatoT; cbeotheteudttotbefec^Tni 1 1, tacoi 
frgm lh> great boUei into tLcaa Hcrivan. t\,tt. Q^ips twseIb c^ed re 
__.^ 1-^*, *^_Lr_Li^-_ ^j^g^ Q_ SoTflw jdBta by which th 
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ftanie oT wooi. or a bm. with hiriea 
id of the flucking'pipe to keep awav 
coning ffna tho forco-plpo, w u It 
li and pipe romlog Itam the boUoni 

b/^dlhv open or ihut, lo u to 1st 
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This is Savery'a own description (taken from tbe "Miner's Friend," 
printed in 1702), of liis watcr-cngiae, which differs from that su^esled 
by the Marquis of "Worcester, in the tact that he made the preuvre o^lhe 
mrtaiTj the water up the first sta^. Savery's patent was "for raising 
water and occasioning motion to all sorts of mill-work b; the impellant 
force of fire;" and the patent was granted in the reign, of King 
William tlie Third of glorioas memorj. 

Thus Saverv overcame, oa he remarks, the "oddest and almost 



insnnerable di&cullies," and introduced a steam apparatus or engine, a 
gooa man; of whici) were constructed, and emploved for raising water. 
The mechanical skill required to construct the boiler, the very Aeart (as 



re) of the iron engine, had not been acquired in tlie time of Caplaia 
Saver)', aud hence the weakness of the boilers, and the danger of working 
them. As the pressure required was very considerable t« overcome the 
resistance of a lofty column of water, these engmes were gradaally 
relinquished for those of another clever mecbaoician — viz., for those of 
Thomas Newcomen, on ironmonger of Dartmouth, who, about the year 
1705, constructed and introduced the Bylinder, from which the traiisition 
was gradual!; made to the mode of condensing bj a jet of cold water, 
the use of self-aetine valves, and the construction of self-acting 
engines by Sineaton, Hornhlower, and finally bj the illustrious Watt, 
whose portrait heads the first chapter on Heat in this book. 

Newcomen was assisted in his work by one Cawley, a glazier ; and 
their persevering labours were crowned with a succesaful result of the 
most memorable importance in the history of the steam-engine. 



consequence of its condensation, which affords a vacuum. This last 
'le said to be tlie only principle used by Newcomen, who employed 



piston, that moved up and down in it, aud was rendered tight by a staffing 
of hemp, like the piston of a boy's common squirt, fx can readily be 
nndetstood, that if the jet of the latter was connected with a tight liltle 
boiler, and steam blown into it, that the piston of the squii't would rise 
to the top of the barrel in which it works, being thrast up by the 
pressure or force of the steam ; but unless the steam was cut off, and 
cold water applied to the inferior of the barrel, the piston could not 
descend again. As soon, therefore, as Newcomen had thrnst np the 
piston by the action of steam, he introduced a jet of cold water, sap- 
plied from an elevated cistern beneath the piston, when the steam was 
condensed into water, and a vacuum or void space obtained. The piston 
being free to move either np or down, was now forced in the latter 
direction by the pressure of the air, which is a constant force equal to 
fifteen pounds on the square inch ; and thus the piston in Newcomen's 
engine was raised by heat — viz., by steam, and thrust down by catd — 
i-e., by tlie condensation of the steam producing a vacuum. The void 
obtained in this manner was very considerable, because one cubic ^o^ of 
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■tesm at 313° condensea into one cubic inch of water. Tbe {iroduotioa 
icuum with the aid. of steam is quickly eiFeeted bj boiliua; some 
water in a clean camphine can, and when the steam is issumg freelj from 
tbe month of the ktter it is then corked, and cold water thrown oyer the 
exterior. Directly the temperature is lowered, the ateam inside the tin 
•1 is condensed suddenly into water, and a void space bein^ suddenly 
/obtained, the whole pressure of a colnmn of air of a breadth equal to 
the area of the yessel, and of a height of forty miles, is brought sud- 
denly down like a sledge-hammer upon the sides of the tin vessel, and 
as they are not sufficiently strong to offer a proper resistance, they are 
crushed io like an egg-shell hj the giant weight which falls upon them. 
The barometer, ormeasurar of the weight of tiieair, consists ofaghiss 
tube about thirty -three inches in length, iicrmeticallj sealed at one eud^ 
and containing mereury that has been carefully boiled within it, and 
being perfectly iUled the tube is iuaetted in a cistern of clean mercury, 
when it gravitates to a hei<;ht equal to the pressure of the air, leaving 
a space at the top called the torricellian vacuum. As the atmospheric 
BIT decreases in density by admixture with invisible steam or vapour, any 

S'ven volume becomes speoifieally lighter ; hence the eoluniti of mercury 
lis to a height of about twenty-eight inches ; wliilst if the aqueous 
vapour diminishes, the weight of the air becomes greater, and the bara- 
meter may rise to a height of about thirty-one inches. 

Having thus secured a "reciprocating motion," Newcomen applied it 
to the working of a force-pumn bf the intervention of a great beam or 
lever snapended on gudgeons (an iron pin on wbich a wheel or shaft of 
a machiae turns) at the middle, and suspended like the beam of a pair 
of scales ; aud, in fact, he invented that method of supporting the 
beam which is in iise to the present day. Supposing we compare 
^ewcomcn's beam to a scale beam, he attached to the extremities 
(instead of scale pans) a water pump and his steam cylinder — the latter 
being at one end, and the former a1 the other. The beam played at 
law:" hj the primary action of the steam on the bottom of the 
piston in the ei/linder it waa pushed up at this end, and of course 
suffered au equal fall at tlie other, to whicli the pump piston was 
attached ; and when the motion was reversed by the condensation of the 
steam, down went the piston again by the pressure of the air, whilst 
that of the water pnmp was B^in raised, and being provided with 
iper valves, the water was pumped slowly out of the mine, although 
! steam power used was very moderate, and only just sufficient to 
eounterpoisc the weight of the atmosphere. Newcomen made the end 
attached to the water pump purposely heavier than the steam piston of 
Jhe other end of the beam, and by this means the work of the steam, 
by its eksticity, was very moderate, whilst the actual hft of the wato: 
frdm the mine was peiformed by the pressure of the air, equal (as 
already stated) to fifteen pounds on every square inch of the surface of 
the steam piston. Tliis engine is called the atmospheric engine, and in 
the next cut we have a picture taken from a photograph by the " Watt 
Club" of the actual model of the Hewcomen engme in the Hunterian 
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Mnaeum of the TJniversitj of Glasgow ; tlie dimensions beme 

97 ia.;breadtli,]3 in.; height, SOiin.1 from which, "iiil765,<^iRMff^a0, 




Tig. Wi. Model of tho NewtomoTi enrinp, in wMch ^be niruMC anil bmJer, Uic iltam 

M teikim to repair Hit aodel, belonging to the Natnra! PHlosophj Class 
in the University of Glasgow, made the discovery of a separale eaitdener, 
which has identified his najue with that of the steiuu-engine." (Fig. 394.) 

In Newcomen's engine, the opening and shutting of tbe cocks Re- 
quired the vigilant care of a man or boy, and it is stuted on good 
authority that a boy who preferred (hke nearly all other boys) plaj to 
work, contrived, by means of strings, a brick, and one or two catches on 
the working beam, to make the engine self-acting. 

liaa poor boy's iugenioiu coatrivance paved the way for the improved 
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metiiDdB of opemng and sbutting the valves, whicli vera brouglit to a 
nreat sUte of perfection b; Beighton, of Newcastle, about 1718. 
Between that time and tbe jear 1763, we find honoarablc mention made 
of Smeaton in coDnerioii with the steam-engine, but the name of the 
great James Watt at this time began to be appreciated, and b; a scriea 
of vonderfullj simple mechanisms, he at last perfected the machine 
■whose origin ooula be traced baci not onlj to the time of Blasco de 
Garaj, in 15^, but even to the dajs of the ancient mechanicians, such 
as Hern, who lived 130 B.C. 

In 17G3, James Watt was a maker of mathematical instruments in 
Glasgow, and his attention was drawn to the aubicet of the steam- 
engine by his undertaking to repair a worlung model of Newcomen's 
steam-engiee, which was nsed by Professor Anderson, who then filled 
the Chair of Natural Pbilosoph;, and subsequently founded the Ander- 
sonian Institution. The repairs required for this model induced Watt 
to make another, and by watching its operation, he discovered that a 
vast quantity of heat, and therefore fuel, was wasted in the constant and 
SDCcessive beating and cooling of the steam cylinder. About two years 
after, when Watt was twenty-nine years of age, he had made so inan^ 
experiments, that he was enabled to put into a mechanical shape his 
original ideas, which are embodied in his patent of 1709, as follows ;— 

" My method of lessening the consniuptiDu of steam, and consequently 
fuel, in fire.engines, consists of the following prindpUi : 

" First : That vessel in which the powers of steam are to be employed 
to work the engine, which is called the cylinder in common firo-engines, 
and which I call the steam-vessel, must, during the whole time the 
engine is at work, ie kept at hoi as i&e tleam Ihal enters it — Urst, by 
enclosing it in a case of wood or any other materials that transmit beat 
slowly; secondly, hy surrounding it with steam or other heated hoiiica; 
and thirdly, by suffering neither water nor any other substance colder 
than steam to enter or touch it during that time. 

" Secondly : In engines that are to be worked wholly or partially by 
condensation of steam, tbe steam is to be condensed in vessels dUtiact 
from the steam-vessels or cyhnders, although occasionally communi- 
cating with them; theu Dtitelt \ is^ condeiueTi ; and whilst the engines 
are working, these condensers ought at least to be kept aa cold as the 
air in tbe neighbourhood of tbe engine, by application of water or other 
cold bodies. 

"Thirdlv : Whatever air or other elastic vapour is not condensed by 
the cold of tbe condenser, and may impede tlic working of the engine, u 
to be drawn out of the steam-vessels or condensers by means of patops 
wrought by the engines tbemsdves, or otherwise. 

"Fourthly : I intend in many cases to employ the eipansive foroe of 
steam to press on the pistons, or whatever may be used instead of 
them, in the same manner as tbe pressure of the atmosphere is now 
employed in common fire-engines. In cases where cold water cannot be 
baa in nleuty, the engines may be wrought by this force of steam only, 
fay disciiai^mg the steam into tbe open air after it has done its office. 
" Lastly : Listead of nsing water to render the piston or other paiti 
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of the engiiies air and steam-tiglit, I emploj oOs, wax, resinoiis bodies^ 
fat of animals, qnidLsilTer, and otber metals in their fluid state. 

" And the said James Watt, bj a memorandum added to the said 
specification, declared that he did not intend that anything in the fonrth 
article should be nnderstood to extend to any engine when, the water to 
be raised enters the steam-yessel itself or any ressel haying an open 
communication with it." 

'^Abont the time he obtained his patent. Watt commenced the con- 
stniction of his first real engine, the cylinder of which was eighteen 
inches in diameter, and after mai^ impediments in the details of the 
work he succeeded in biinging it to considerable perfection. Hie bad 
boring of the cylinder, and the difficolty of obtaining a substance that 
would keep the piston tight witiiout enormous friction, and at the same 
time resist the action of steam, ^tc him the most trouble, and the em- 
ployment of a piston rod moving through a stuffing-box was a new 
feature in steam-engines at that time, and required great nicety of 
workmanship to maEe it cffectuaL Wliile Watt was contending with 
these difficulties, Boebuck's finaiuxs became disarranged, and in 1773 
he disposed of his interest in the patent to Mr. JBoulton, of Soho. 
As, howerer, a considerable part ot the term of fourteen years, for 
which the patent was granted, oad already passed away, and as several 
years more would profid)ly clique before the improved engines could be 
brought into operation, it was judged expedient to iMpply to Pariuunent 
for a prolongation of the term, and an Act was passed in 1775 granting 
an extension of twenty-five years from that date, in consideration of 
the great merit of the inventioiL" (Bourne's "Treatise on the Steam- 
engine.") 

In Fig. 395 (p. 427) we give an illustration of a low-pressure con- 
densing engine and boiler of eight-horse power, constructea on the prin- 
ciple of Boulton and Watt, as the latter had fortunately united his skill, 
learning, originality, and experience with Mr. Boulton, of Soho, near 
Birmingham, whose metal manufactory was already the most celebrated 
inEng:bnd. 

During the explanation of this eight horse-power enfi;ine, the oppor- 
tunity may be taken to discuss occasionally the specLal improvements 
effected by Watt. The steam-pipe a conveys the steam generated in 
the boiler b to the slide-valve c, which is kept close to the surface, 
against which it works by the pressure of the steam. 

Here we notice some of the valuable improvements of Watt in the 
admission of steam above as well as below the piston, by which he 
increased the power of his engine, and no longer confined it to the force 
of the atmospneric pressure. It is also necessair to remark the beauti- 
fally simple mechanism of the slide-valve, by wnich steam is admitted 
alternately above and below the piston. Want of space prevents us 
tracing out the gradual improvements effected by Watt, and therefore 
we take his invention as it stood in the year 1780, and refer our readers 
to Bourne's " Treatise on the Steam-engine" for the full and minute 
particulars of the improvements to that date. 
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At thit time it oecured 
ta Watt that the ciMd;9»- 
tafiom d the atram bam 
the ejlimder tfter it bad 
done its wtnk, mj^it bs 
made more pofect if k 



ipfin**"^ beneath Ik 
piston, while an aUtraate 



it (Kg. 396.) 

Instead of obtainmg a 
speofic adrant^K the 
conttaiy occurrS, and 
Watt was obliged in this 
Gsae to letom to (he 
ponderous NercomcB 
conntenreigfat to balance 
the difference in the Tai- 
CODin iiboTe and belov 
the piston, conse)]aenllf 
this tonu of the cjHndei 
andTslres was abandoned. 
The juvenBe itadei will 

SceiTG in the abote 
wing that the superior 
ammeement of Watf s 
cjlindei to that of Nev- 
comeu arises from the 



and that the pishn 
rod woiia air-tight in a 

-™ ,otth.itu.-Td.i*TK irt^wiwratthetopof 

oDibrrtiia iiagiaTaiTE, wCic^iwiiH tbe cjlinder. Amostun- 
i^bT-hkbi-^.^1S."^-±rSi,'S portent imprOTement in 
puimr. <tf.Tliatd^^i>i>.ni^l^wUditii>>t«m the emplopient of steam 
puK* froB ibvn Xh» ^gto aianot stbt nhuning ^ j, mouve powes has 
SilSSSSSSISnS^^lSZ^^: ^^ discovered in tbe 
mode of using it " expan- 
siTelj," \n whidi tiie steam, at a preesoie sai of siitT pounds on the 
square indh, is adnutt«d below the piston, and then cut off and allowed to 
expand and drive np the latter witbont the eipenditore of auj mora 
fuel, and leaving, alter lifting the piston to a height 3aj of three feet, 
an average or mean power of thirtj pounds on tbe B(|nare inch. 

Betnrninf to the eidit-horse condensing ennne,!) is tbe steam ^linds 
surrounded bj a case fa) prereat tbe steam cooung and lo maintjiin in the 
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i^mcleT the same, or nearly tbe same, temperatnre its tliat of the steam 

in the boiler, according to the condition of Art, I. of Watt's Patent, 

quoted at p. 435 of this 

book. The same outer 

case is apparent around tlic 

cjlinder in Fig. 39fi ; e, the 

piston, which, by stuffing 

vith bemp or other proper 

materioi, tits the interior of 

the cjlinder in. the most 

accurate mamier, and pre- 
vents the escape of steam 

bj its sides : e is the piston 

rod attached to the parallel 

notion. This clockwork- 
like piece of mechanism has 

often been quoted as one of 

the masterpieces of Watt, 

and in its greatest perfection 

u called tbe complete parallel 

motion, and may be found 

in all the best land beam 

steam-engines. The object 

of tho parallel motion is to 

cause the piston and pump 

rods to move always in f;Se°™^^|;'j^" 

straight lines, never deviat- themoiementsl 

ingtoeitberside. (rig.397.) 

In the eisht liorae-power engine siiown in page picture, e is also 
attached to toe pistou e, which moves tlie beam 1, and the other end 
of this beam, by the connecting rod^, gives motion to tbe heavy fly wheel 
G, by means of the crank k. 

H is an eccentric circle on tbe anle of the fly wheel G, it gives motion 
to the shde valve, wliich admits the ttcam alternately above and below 
the piston. The slide valve and its seat are contained within an obluiift 
boi or case, large enough to permit the easy motion of tho valve within 
it, and usually forming an enlargenicnt in the course of a pine, 

The valve rod by means of which the valve is cpenca and sliut, 
passes out through a stuffing box ; or, instead of sucli a tod, a valvo 
of moderate size often has a nut flicd to it, wilbin which worka 
a screw on the end of an axle which passes out througb a busb, aiid 
has shoulders within and without to prevent it from moving lon- 
gitudinally, and a square on the outer end on which tlie key tits that 
IS used in turning it, i is the throttle valve inside tbe steam pipe and 
lever connected with a governor tor regulating the admission of iteum 
into the cylinder. 

Here, again, we pause in the description of our eight hone-power 
engine to illustrate more particularly this admirable contrivance o( 
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. . „ ^ . . Idle of Uh gmoiMc 

iwoJvln^ b; ■ bdit Bctins on the piiUe;r ^ i^ ■- Thp biJIs bmig on tbe endi of tbe arv^ 
wbloh eroH SKb other nt t like k pilr of uiuon, Kbec d n Is tol In motisn, tbe InDfl If 
ool bj untrinigi] motloii, Bnd io dwng bo dn> down the adlar Into wbuh Uh Icnr w 
wnrkibrbeuiDf thelinlti/*. When r iH depreopd, of coonc dTii«,Hid t!m tllrflctl 
pvUf cIoMd, ml (tw iniiplj oTitHin tedsoid. 

In the oight-horse engine already partly espliuned, i is the cylinder 
of DO ftir-pump to remove any air, and the walfir which condenses the 
■team, rrom the condenser l. There is also the eduction pipe, which 
conduct! the steam from Ibe cylinder to the condenser l. o is the 
pump that supplies cold water to the cbtern s, in which the condenser 
Mid air-pump stand, pis a rod connected with the injection cock for 
admitting a jet of water into the condenser from the cistern, and which 
ii continually flowing duringthe working of the engine, q q, cast-iion 
oolumut, four of wliioli support the principal parts of the engine. 

Wo now come to the bouer of the steam-engine, which is of course 
nf nJmoit ctjual importance with tbe engine itself ; and the one in our 
pafffl-pioluKi is H [tood type of one of the favourite boilers used by 
Mnin. Houlton Mid Watt, and is called the " Wagon boiler," Tbo 
boiler i) made of wrought-iron plates rivctted together, and properly 
sl miftlhonril wlicra necessary; and the steam-pipe a conveys the 
ateuu to tho ongiuc It may be remarked here that the t^lmdrioal 
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n the other, ot which the 

. . , ueht circulates outside the 

latter, and the space between the two cjiindera being filled with water — 
is tbe form of boiler which ia most bighlj approved of, and is employed 
in the famous economical steam-engines of the Conush mines. 

As the water evaporates in the form of Eteam, the boiler must be con- 

'tinually BuppUed with fresh water, whicli comes (as will be noticed by 
inspecting the page picture) from the Ael kbU s, by means of the kol~ 
water pump r, attached to the beam f. The water is pamped to the top 
of a column rising above but connected with the boiler. There is a 
Bylindrical float, inside tlie colainn of water, connected with the boiler, 
suspended over a pnllc; br a chain passing to the damper of the furnace. 
She damper and float balance each other, and when the water in the 
toiler rises to too high a temperature, it causes the float to rise in the 
column of water, which lowering the damper or shutter that stops the 
drBnght of the chimney of the furnace t, diminishes the intensity of the 

iea-t, and reduces tlie formation of steam. On the other hand, as the 
lemperatore diminishes, the float descends and the damper rises, and 
pttmitting more air to rush to the burning fuel in the ore, a greater 
qnantity of eteam is generated. 

There is likewise a stone float inside the boiler, for regulating the 
■upplj of water by the feed pipe, or column of water, which latter must 
ihrajs be sufficiently lofty to press with greater force than the steam 
produced in the boiler, or else the power of the steam might, under cer- 
tain circumstances, eject or blow out the water from the top of the 
eolnnm. The stone is suspended by a brass wire which works through 
S stuffing box, and is connected with a lever, to wliieh is attached a 
IwaTT counterpoise, so adjusted that when the stone is immersed to a cer- 
tain depth in water f aceorumg to the principle of a solid body losing weight 
in B fluid, explained in the article on specific gravity, page 4S), it shall 
•sactl; balance the latter, but when the water sinks in the boiler, and 
(he stone is no Icmger surrounded with water, it becomes heavier, and 
■itikiiig down opens a conical plug, ground so as to Qt water-tight into 

I a hole lu the bottom of the colunni of water or feed pipe, and directly 
fhe plug opens, water rushes into the boiler j being oat off a^oin as 
iha stone nses when immersed or surrDunded with the proper height of 
water. Unless our juvenile readers refer to the article on specific 
gravity, they will not understand the otherwise aeemmg anomaly of a 

- ttonehcial. 

A large hole, called the man-hole, covered with an iron plate and 

-secnreiy fastened with screws, ia provided for the purpose of allowing 
the engineer to enter the boiler, when cold, for the purpose of clearing 

' ont the incrustation and dirt arising from the water. To prevent the 

■JDCTDstatioD of lime and other earthy matters, it is sometimes usupI, on 

,tli8 principle " lAal prevention is better Chan aire," to put a large log of 
"logwood" inside the boiler, as it is found that the colouring matter 
BOnously prEventa the earthy matter, so well known as the " fur" in 
" tea-kettles," sticking to the sides of the boiler. Sal ammoniac 
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and other tails also have the same proper^, but neither are much v 

the mechanical Isibour of chipping out the boiler and stopping il 

for a dsj or so, being preferred lo the prevewtiom plaa afreadj^ 

dcMTribed. 

There b also a valve opening inwarda to prevent tlie conseqaences of 
a inddea CDndeosAtion in the tKitler, and also a safe^ valve and leier 
irith weights opening ontwards, and alloiving tbo steam to escape when 
it reaches a dangerous excess, and in order to look as it were at Ibe 
state of the prcssare inside tbc iron boiler, s proper steam gange is pro- 
vided, also two cocks — viz., a water and ateam cock, to enable the en- 
gineer to ascertain if the water is up to, and does not exceed, the 
~ ~ ler height, because when turned, supposing that all is going on pni- 
j, the former. No. 7, should eject water, the latter. No. 8, ateam. 
11 is tnilj wonderful, considering the nnnber of sofegoards and 
warnings provided, that accidents ever liappen to boilers, but the 
statistics of deaths and annual destmction of property shoir that science 
is powerless, naj, absolutely dangerous, wheu bandied bj ignorant and 
oareleas persons. Ilie great S^-wbeel, which is usually such an awe- 
inspirins and nutrvelloQS exhibition of strength in an engine of aoy great 
power, IS emploved for the purpose of storing np force, so that if any 
parts of the eupne work indiffereotly (tbey ul work with resistance), it 
shall equalize the wants of the whole, and 'by its inertia it will continue . 
to move until its motion is stopped by a resistance equal to its mo- 
mentum. 

In starting an engine, the engineer may sometimes be observed la- 
bouring to move the " fly-wheel, and when once he succeeds in getting 
it to move, the resistance of the other parts of the machinery is soon 
overcome. Mr. Alderson, in Lis prize esaaj, remarks that " il is in the 
property which the steam-engine possesses of regulating itself, and pro- 
viding for all its wants, that the great beauty of the invention consists. 
It has been said that nothing made by the hand of man approaches so 
near to animal life. Heat is the principle of its movement; tliere is in 
its tubes circulation, like that of the blood in the veins of animals, 
having valves vrhicb open and shut in proper periods ; it feeds itself, 
evacuates such portions of its food as are n^ess, and draws from its 
own labours all that is necessary to its own subsistance. To this mar 
be added, that they are now regulated so as not to exceed the assigned 
speed, and thus do animals in a stale of nature. That the safety v^ves, 
like the pores of perspiration, open 1« permit the escape of auperflaoos 
heat in the form of steam. The steam gauge, as a pulse to the boiler, 
indicates the heat and pressure of the steiun within; and the motion of the 
piston represents the action and the power of which it is capable. The 
motion of I he fluids in the boiler represents the expanding and collapsing 
of the heart ; the fluid that goes to it by one channel is drawn off by 
another, in part to be returned when condensed bv the cold, similar to 
the operation of veins and arteries. Animab require long and frequent 
periods of relaxation from fatigue, and any great accumiUation of their 
power is not obtained without great expense and inconvenience. The 
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wind is luicertain ; and water, the constancj of which is in few places 
eqnal to the wants a( the machinist, can seldom be obtained on the spot 
wtere other circumstances rennire machines to be erected. To relieTB 
ns from all these difficulties, tiie last centuij has given us the st^am- 
engine for a resource, the power of which may be increased to iuSni- 
tnoe : it requires but little room ; it may be erected in all places, and 
its mighty services are always at onr command, whether in winter or 
Bummer, bj day or by night, on land or water ; it knows no intermission 
hnt what onr wishes dictate." 

The AiffA-preaiare ateam-enginc appears to have been first brought 
into general use by Trevethic and Vivian, althougli the primary notion 
of such a modification of the Newcomeo or water-enginea did not ori- 
ginate with them. As the name implies, the steam is brought to a 
mach higher temperalurB and pressure than is required in the con- 
densing engines of Bonlton and Watt. It consisted, in the first place, 
of a cylinder open at the top, and provided with a piston. To save 
heat the cjlindcr was fixed insids the boiler, and was provided with a 
two-way eook worked by a crank, for the purpose of supplving and 
cutting ofi' the steam. The downward stroke was produced by the 
atmosphere, and the steam haying done its work, was simply blown awaj 
and wasted in the air. 

The en^o was provided with a fly-wheel, to which the piston-rod 
was at once attached, producing a continuous rotatory niovcjuent 
without the assistance of the heatier parallel motiou, or hot and cold 
water pumps. 

This form of engine was s 
that of draining fens ; and in 
propelling the first carriage 
and it was then speedily auop 
were moderate. Stephenson the elder, succeeded by the late lamented 
Bobert Stepheusoc, followed with inventions and improvements of the 
locomotive steam-engine; and we are told in "Once a Week" that, 

" One of those best qnalificd to speak to the latter's contributions to 
the development of the locomotive engine, states that from aboul five 
years from his return from America, Eobert Stephenson's attention was 
ohiefij directed to its improvement, 'None hut those who accompanied 
him during the period in his incessant experiments can form an idea of 
the amazing metamorphosis which the machine underwent in it. The 
most elementary principles of the application of heat, of the mode of 
oJcidating the sUeagtu of cylindrical and other boilers, of the strength 
of rivetting and of staying fiat portions of the boilers, were then far 
from being understood, and each step in the improvement of the engine 
had to be confirmed by the most careful experiments before the brilliant 
results of the Rocket and Planet engines (the latter being the type of 
the existing modem locomotive) could bo arrived at.' 

"Stephenson's time was not, however, so fully taken up during the 
above interval as to preclude attention to his other civil engineering 
business, and he executed within it the Leicester and Swanoington, 
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Wliilbj and Pickering, Caaterbair and Wliitstable, aitd Newton uid 
WarringtOD KailtFajG ; while he auo erected an eiteusire manufactorj 
for kKomoticea it Newton, it) Lancashire, in partoenhip with tM 
Moan. THvleur. About the middle of the above period, also, the fint 
■urreja ana estimates for the London and fiinningham Bailwsv trera 
Irwneu, leading eveDtoall; to the obtaining of the Act. Then folloned 
the exeeutbn of that line, and here Bobert Stephenaon bad an oppor- 
tanitj of ihoving his great talent fortfae management of works onakrge 
M»le. This was the ttrat railway of acj magnitude eiecnl^d under the 
oontract ajetem; perfect acts of plans and specifimtions (which have 
since scrred as a tjpe for nearlj all the subsequent lines) were prepared 
— no BiDall matter far a scries of works extending over 112 miles, 
inTolving tunnels and other works of a then unpreccdEnted magnitude. 

" Uan; other railways in England and abroad were executed b; him 
in mpid succession ; the Midland, Blackwall, Northern and Eastern, 
Norfolk, Chester and Holjhead, togetiier with numerous branch lines, 
were executed in this counliy by hiui ; and among railways abroad may 
be enumerated as works either executed by him or recommended in his 
capacity of a consulting engineer, the system of lines in Belgium, Italy, 
Norway, and Egypt, and in France, Holland, Denmaik, India, Canada. 
(ud Now Zealand. 

" liobert Stephenson first saw the light in the village of Willin^ton, 
ftt a cottage wnich his father occupiMl after his marriage with Miss 
Fanny Henderson— a marriage contracted on the strength of his first 
tppomtmcnt as "breakaman to the engine employed for lifting tte 
ballast brought by the return collier ships to Newcastle. Here Robert 
was bom on tlie 17th of November, IS03. As the cotti^ looked out 
upon a tramway, the eyes of the cliild were naturally familiarized from 
infancy with sights and scenes most nearly connected with his future 
profession." 

In locomotive steam-engine boilers, the principal object is to generate 
(team with the ereatest rapidity -, hence the boiler consists of two parts 
^*ii., a s<jnarc Doi contaming the fire, and around which a thin stratum 
of water circnlntcs, whilst the draught for the fire rushes throi^h a 
number of oopjier tutes pbced in the second or cylindrical part of the 
boiler. By the use of these tubes an immense tvr/ace of water is 
nxposed to the action of the (ire, and the steam is not only generated 
with unaiting ntpidily, but is also maintained at a very high pressure. 

Within the lust few years "superheated steam" has been favoorably 
mentioned, and employed economically for driving certain engines. 
The principle oooabts m first generating steam, and then passmg it 
Ihrniigh mill of strong wrought-iron pipe, by which it acquires addi- 
tlMiftl heat, and wo have therefore combined in steam the ordinary 
Mineiplp of evaporation of waler with the heated-air principle of 
Bl.irUitg, dvsoribed at p. SG7. We give n. drawing of S«)tt's patent 
gmmSat and luperfaeated steam engine. (Fig. 399.) 

ItM ^ipwkUa i* ilMd as follows :~-A fire is made in the furnace, and 
M MU M It plfiometU' comiectcd with that indicates about SC" ' 
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The donkey engine 




maintftina the necessary feed of air and water. The generator produces 
a copious supply of Dlastic mixed gnseous vapour, at a presaura of 
350 pounds on the square inch ; and it is stated that this en^ne works 
satisfactorily, and is started in the ineredibly short time of from three 
to five minutea, so that for marina enainea in war vessels, expecting to 
to be ordered out suddenly, no fuel need ba burnt till tlie moment 
reqaired. 

Experiments with superheated steam have already been tried moat 
SucceBsfullv on hoard the Peninsular and Oriental Company's ship the 
Talelta, whereby it is stated tbat a saving of thirty per cent, in fuel 
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is obUined. The CBffine to wludi the sopeiheated steun wis adipted 
was eoostmcted bj^nnand Sods^ and the yessd attained &q|eedof 
nearij sixteen knots per hour, and under the most adTeise ciioim- 
stanoes had an abundance of steam to spare. 

" A most important experimental improTement in steam madiineiT 
was on Thorsdaj last tried for the first time down tiie rirer, on boara 
the Peninsolar and Oriental Company's ship, the Faletta, The actual 
nature of the improrement may oe aescribed in a few words as om- 
sistinf of a simple apparatus for woridng marine engines bj means of 
snpeineated steam ; Imt it is not too mncm to saj that in the success cht 
failure of this experiment are inyolTed results so important as to affect 
matexiaUj all ocean-gmng steamers, and, indeed, steam madiineiy of all 
kinds. To be aUe to wori^ maduneiy with superheated steam, means to 
eomnumd increased power with a thirty per cent, redaction in the con- 
somption of fad. A principle which can effect sach important changes 
in the nnirersal application of steam has not remained andiscoTered to 
the present day. The want of saperiieated steam has long beoi felt, 
and the enormoos oomparatiTe adYantages of working engines on sadi 
ft plan hare long been Known. A simple and effectiTe working of the 
principle, howerer, has been an engineering difi&calty which Tanoos ex- 
pedient — all, howerer, saffidently soccessral to show the Taloe of the 
improTement — haTC failed to obriate entirely. This obstacle has now, 
we bdiere, been effectnaUy OTeroome by Mr. renn, and the valoe of the 
improTcmait so deaiiy demonstrated, that the general i^yjdication oi 
the principle to steam madiinery of erery kind may now be r^azded as 



"The idea of working engines by superheated steam, and the immense 
saring of fael and increase of power it woold effect, was, we believe, 
first started manr years ago by Mr. Howard, and snbseqaently by Dr. 
Haycraft. The difficulties, howerer, in the way of its adoption at that 
time, and the undue estimate of the importance of the principle, pre- 
Tented those gentkmen from realizing very mat practical results. At 
a lata- period the matter was again tuen up oy an American engineer — 
Mr. Weatherhead — ^who, howerer, only supemeated a portion of Jjie 
steam and mixed it with common steam in its way to the cylinders. 'JSie 
success whidi attended even this partial i^plicaticm of the process again 
icriTcd the idea^ and encouraged other engmeers to turn their attenticm 
to the sulnect. The result of these renewed efforts is that seyeral 
methods of securing the great economy to be effected by snperheating 
the steam are now undor trial, and there is no doubt that a most im- 
portant step in the progress of steam, especially as implied to ocean 
nayigatkm, is now «t liot on the point of being successfully aocom- 
plisMd. 

" Hie Tahie of the improyement on the score of eccmomy in irorking 
may be best illustrated oy a single CMst— Hoamely, that the Peninsular 
ana Oriental Company's bdl for coal annually amounts to the enormous 
sum of 700,0001, and that by working their yessels with superheated 
steam propoly aj^hedL i^ is Dnnnii afaMit eatnn tha^ without ai^ 
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detriment to the machmery, from 28 to 30 per cent, of this rigantio 
<3utla3r can be snreii. As to the varioas proposed methods of super- 
leating ateam, it maj be briefly eiplained, that the conditions required 
'to be fulSlled are perfect simplicitj of arrangement with ready control 
over the apparatus ; that it should be so placed as not to be Hable to 
occidental jnjory in the engine-room; and tbat the heat employed for 
snperhealing the steam should be waste beat which has already done its 
«[ut; in the Doilers and is passing away. 

" All these conditions bave been most satisfactorily fulfilled by Mr. 
lenn in the new engines on board the Valetla, which were tried down 
the Thames for the flrat time on Thursday. The Valelta, as our readers, 
mav remember, was for many years the raail-hoat between Marseilles, 
Malta, and' Constantinople. While thus employed, she had Penn's 
engines of 400 horse-power, and to work these up f« an average speed 
of 15 miles an hour required a consumption of fuel of from 70 to 7S 
tons of coal per day. At no time was it less than from 4S to 5S tons. 
These engines have now been removed to a vessel nearlv double the 
toon^e of the Faletta, and the latter fitted with engines by Mr. Pena 
on the superheating principle. We may mention that, besides this 
alteration, the Faletta has been considerably improved. A poop and 
forecastle have been added, increased accommodation given to passengers, 
and the whole vessel fitted up in the richest style. Tbe saloon is one 
of the simplest and handsomest things of the kind we have seen, suffi- 
ciently lofty and capacious, and above all, admirably ventilated on the 
flystem which is now being adopted on all sea-going steamers, and the 
merit of devising which belongs to Mr. Robinson, of the Penuisular and 
Oriental Company. 

"To return, however, to the engines. Mr. Pena, at the repeated 
request of Mr. Allen, the Managing Director of the Peninsular and 
Oriental Company, undertook to apply to them the priuciple of super- 
heating, to wbicb bis attention had many years before been seriously 
directed by Dt, Haycraft. His method of doing this is to place in the 
smoke-hos of the boiler, through which the hot air from tbe furnace 
first passes, as large a number of small pipes as is consistent with 
aUowmg a free draught from the furnaces. Through these all the steam 
from the boilers passes in its way to the cylinders. By this plan an 
immense heating surface in tbe pipes is secured, the steam is in a 
subdivided form, so as to be readdy acted oti, and the waste beat from 
the furnace is utilized at the point where its intensity is greatest, and 
where tbe greatest conveniences exist for applying the apparatus. By 
means of three ordinary atop-valves, the whole contrivance ean be 
sbnt in or off from the engines at pleasure. In ordinary engines steam 
leaves tbe boilers at about 250°, but declines from this temperature in 
its way to the engmes to 230", undergoiug from condensation a still 
greater and more serious diminution of heat in the cylinders. From 
these eanses, and also from the immense quantity of waste beat which 
escapes through the smnke-boi and up the funnels, tliere has always 
been a theoretical loss of steam power amounting to forty per cent., as 
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compared with ihe coal oonsmned. It is this loss of power and waste 
of heat which the superheatiiig process is mtended to prevent, and 
which will, of course, allow a redaction of from twenty-eight to thirtj 
per cent, on the fuel now consumed. Bj the superheating process the 
steam is raised in passing along the pipes in the smoke-box (where the 
heat is about 650*0 ^^m a temperature of 250° to 350°, and so enters 
the cylinders at 100° in excess of the temperature due to its pressure. 
This extra heat is, of course, rapidly communicated to the metals, and 
prerents the condensation in the cylinders or other parts of the engines, 
whidi would otherwise, of course, take place. Singularly enough, a 
smaller amount of cold water is required to condense the steam at this 
high temperature of 350° than when at the ordinary heat of common 
steun. 

** The trial trip of the Valeita on Thursday was most satisfactory, not 
only as regards the engines^ but still more so as to the application for 
the superheating process. At the measured mile at the ix>wer Hope, 
near tne Nore, the result of repeated runs ^tc an average speed of 
nearly 141 knots per hour, thus realizing with engines of 260 horse- 
power, and a small consumption of fuel, the same rate of speed as had 
been gained with her previous engines of 400 horse-power, and a con- 
sumption of seventy-five tons of coals per da^. The supeiheatins> 
apparatus evidently effected a most important saving in fuel, but untu 
an average of many days' working can be obtained, it would be difficult 
to estimate the exact amount economized. There seems, however, every 
reason to believe that an average of fourteen knots an hour can be 
obtained with a consumption of onl^ from twenty-four to twenty-six 
tons per diem. The thermometer during the trial indicated in the steam 
pipes an addition to the ordinary temperature of 100°, which Mr. Penn 
Delieves to be enough for all practical purposes of superlieating. Even 
when making from thirty-thiee to thirty-four revolutions per minute, 
and driving the vessel against a strong head wind and tide, it was 
impossible to consume all the steam generated, which was blowing off 
from both boilers all the trip. The engines are remarkable for the 
extraordinaiy beauty and simpudty of their proportions, qualities well 
known in all engines from Penn and Sons, and which, combined with 
the strength of the materials and perfection of the workmanship, make 
this firm the foremost in the wond for machinery of this description. 
Both cylinders are oscillating; of sixty-two inches diameter, and witfi a 
stroke of four feet six inches. The paddles are on the feathering 
principle, and the boilers of Lamb and Ck).'s patent. During the whole 
course of the trials, and when going at one time nearly sixteen knots^ 
there was no perceptible vibration, even at the end of the saloon nearest 
to the engines. When it is remembered that the superheating process 
which can effect such important results is capable, as we have said, of 
application to steam machinery of every kind, including even loco- 
motives, it cannot be doubted that the trial of Thursday and its great 
success is one of the most important events for the progress of steam 
which we have had to chronicle for many years." {The Times, April 23rd 
1859. 



VnuM Bpealung of the application of this soDicnhat novel condition 
cf steam, it ma; be ohserved that iniLcj iaventors, who have paid little 
or no attention iofint prineipla, have proposed lo applj the vaponra of 
alcohol, ether, or turpentine, instead of that of water ; and they have 
founded their notions on the idea that in consequence of^e less ktent 
and sensible heat of alcohol, ether, and tnrpeiitiue vapour, and of the 
small quantity of fuel required to boil them, that they would compete 
advantageously with steam. This view of the case, however, is soon 

Kved to be a very shortsighted one, because the atnosiU of earpaiaiiM 
been quite overloolted ; and if it was desirable, by way of com- 
STison, to produce a cubic foot of steam, alcohol, ether, or turpentine, 
e steam would stand first for cheapness, and would require the leaat 
quantity of fuel to produce it, so that if the more expensive of oom- 
bastible liquids could be obtained for nothing, it woiila still be cheaper 
to employ water, 

c^DivaLent fin foeL 

A cubic foot of water yields 1700 cnbic feet of steam . ^ 1000° 
A cubic foot of alcohol produces 493 cubic feet^457°. 
Then, by role of proportion, 493 cubic inches : 457 
:: 1700 ...... ^ 1575* 



A. cubic foot of the oil of turpentine affords 192 cubic 
feet of yapour=183°, and 193 ; 183 : : 1700 ; . . . 



2500° 



It will therefore he seen that water, when conyerted into steam, 
expands eight times as much as sulphuric ether, and nearly three times 
and a half as much as alcohol. 

The applieation of steam for the purpose of propelling Teasels has 
already been wenlioned in connexToa with the Spauish inventor, Blasco 
de Garaj, in the year 1543. The Erst patent in this kingdom granted 
for that purf-Dse was that of Mr. Jonathan H«U in 1773. In 1787, 
Mr. Miller tried a numbei: of important experiments in the propulsion 
of vessels by steam-engines, and it would appear that Lord Cullen 
advocated bis ideas, and endeavoured to secure the eo^jperatioji of the 
great firm of Boulton and Watt, who, occupied with their land erigines, 
could not pay attention to it ; and twenty years elapsed after the reply 
of Watt to Lord Culleo's application, ijefore the real novelty appeared 
of a first snooessful experiment with a steam-boat in " the open sea," 
by Hemy Bell, in 1811. A picture of this boat, called the Comet, which 
was afterwari^ vrrecked, is shown at p. 113. Hemry Bell's novelty was 
tucceis, and he is fairly entitled to the merit of first introducing steam 
navigation into Earope. 

In ISll, the public stared with mingled astonishment and satisfaction 
at the realization of that which was called a fable. Only fortv-seven 
years afterwards another generation spontaaeonsly exhibits the liveliest 
interest in the gigantic pnvate speculation of the Great Eattern. Henry 
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Bell's Teasel of 1811 was 40 feet keel, 10 feet G inebea beam, ana ■ 
!5 totuburthen ! The Grnl Eaitera- of 1S59 is 693 feet long, S3 feet 
iride, 60 feet deep, and S-1,D00 tons burthen! ! TEe whole nation with 
one Toioe wish her God speed in her projceted vovage across the 
Atlantic, as llje einbodimant of that great goodwill whicDeTcr; generoos- 
heartcd Englishman feels towu'ds the eolightened frce^bom people of 
the United States. 

Should the author's litlle vessel, with its humble freight of science, 
meet with tbe approbation of his good friends, the bojs and theii 
advisers, another and another, if health penuits, shidl be launched for 
theii benefit. FaU. 
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